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PREFACETO THE FIFTH EDITION

The fourth begets a fifth and, like a cauldron of cooling magma, these
editions are becoming more and more challenging to churn. This initial
pet project when I was jet-black-haired has now become that insatiable
Waponian volcano god that demands and demands episodic updates. So
here you go, the public, for your consumption. I've asked for a reprieve
for at least a few years or so until the beast requires another sacrifice of an
epoch of time and effort.

But I kid!! True, it’s not always the best of times revisiting Alport versus
Apert on my holiday, yet I'm happy to serve. This edition bookmarks the
era of Trump . . . a divided nation of ballooners and anti-ballooners. I only
ask one thing . . . stop taking out uvulas. That little punching bag has
God’s/Darwinian purposes beyond all of us. Oh, and also never ever use
the term uvulopharyngopalatoplasty. That term belongs in a song from
Mary Poppins. Quite frankly it sounds dumb, no one knows what it means
anymore, and I'm tired of hearing they were told that “it” doesn’t work.
“Palatal reconstruction” please; it’s sexier.

OK, off the sermon, enjoy the book, study hard, and all the best.
See you at conference.

—Raza Pasha

PS. Need to give a shout out to Abdullah Al-Bader who humbled the authors
and editors by providing 5 pages of errata from the fourth edition. Dr. Al-
Bader would later provide 23 alternative pathways to our academy’s position
paper on cerumen impaction (total joke . . . we appreciate Abdullah).




PREFACETO THE FOURTH EDITION

This fourth edition evens out my staggered, shadow-boxed display in my
office waiting room. It also satisfies an essential update and provides an
introduction to our more-than-welcome Little People chapter for those of
you entrenched in transmittable conjunctivitis and the everlasting cold/
influenza rotation.

As for me, I've spent the last few years as a target for academics
and skeptics alike lecturing cross-country on “hot button” topics such as
indications of in-office balloon sinuplasty and the surgical management
of sleep apnea. Should you ever find yourself with a desire to nettle to
the brink of combat, walk into a rhinology conference and brag about
how balloon sinuplasty is the greatest thing since electrocautery. Better
yet, whisper to your pulmonologist colleague that you operated on his
23-year-old bachelor referral last week by jerking his 4+ tonsils without
offering him a CPAP machine. “What?!!! You didnt even have the decency
to offer him a dental appliance so he can experience referred otalgia and
teeth shifting firse?!?”

No worries though. You'd be pressed to find any controversial points
in this handbook. No need for naked disclosures. Were once again, no
nonsense. We've kept to the highlights so you can pass your boards and
possibly prevent an occasional cauliflower ear now and then.

No specific acknowledgments section this year, since a well-deserved
Justin Golub is now blazed in the front of the book and authors are cred-
ited within.

Deeply entrenched in midlife, with three sprouting legacies, my time
is apportioned between soccer matches, Super Mario marathons, and
piano recitals. I dream about Mary’s Little Lamb as an adjuvant remedy
for psycho-physiological insomnia. The fourth edition is a product of my
free time. I was tempted to include illustrations of the cochlear labyrinth
crafted by my 5-year-old. Wanting to minimize distractions and leaving
something for inclusion in the fifth edition, I opted to leave those out.

Thanks for your support.

—Raza Pasha
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3 dimensional
5-fluorouracil
aryepiglottic
arytenoid abduction
arterial blood gas, air
bone gap

auditory brainstem
implant

auditory brainstem
response

air conduction
angiotensin
converting enzyme
apnea-hypopnea
index

apnea index
acquired
immunodeficiency
syndrome

American Joint
Commission on
Cancer

assisted listening
device

amyotrophic lateral
sclerosis

antinuclear antibody
acute otitis media
autotitrating positive
airway pressure
aspirin

auditory steady-state
response
arteriovenous
malformation

BAEP
BAER
BAHA
BC
BCC
BID
BiPAP

BMT

BOA

BPD
BPPV

BTE
BUN
CAPE-V

CBC

cGy
CHL

CI
CIC
CMV
CN

brainstem auditory
evoked potential
brainstem auditory
evoked response
bone-anchored
hearing aid

bone conduction
basal cell carcinoma
twice a day

bilevel positive airway
pressure

bilateral
myringotomy and
tubes

behavioral
observation
audiometry
bronchopulmonary
dysplasia

benign paroxysmal
positional vertigo
behind the ear
blood urea nitrogen
Consensus Auditory-
Perceptual Evaluation
of Voice

complete blood
count

centigray
conductive hearing
loss

cochlear implant
completely in canal
cytomegalovirus

cranial nerve

xvii



xviii

Otolaryngology-Head and Neck Surgery

CNS

COM
COMMANDO

CPA

CPAP

CROS

CRP
CRS
CSA
CSF
CT
CTA

CVA

cVEMP

CXR
dB

dB HL
dB SL
dB SPL

DCR
DDx
DL
DLB

DLBE

central nervous
system

chronic otitis media
combined
mandibulectomy
and neck dissection
operation
cerebellopontine
angle, conditioned
play audiometry
continuous positive
airway pressure
contralateral routing
of sound

C-reactive protein
chronic rhinosinusitis
central sleep apnea
cerebrospinal fluid
computed tomography
computed
tomographic
angiography
cerebrovascular
accident

cervical vestibular
evoked myogenic
potential

chest x-ray

decibel

decibel hearing level
decibel sensation level
decibel sound
pressure level
dacryocystorhinostomy
differential diagnosis
direct laryngoscopy
direct laryngoscopy
and bronchoscopy
direct laryngoscopy,
bronchoscopy, and
esophagoscopy
(panendoscopy)

DPOAE

Dx
EAC

EBV
ECA
ECG
ECMO

ECoG
ECS
EEG

EGFR

EJV
EMG
END

ENE
ENG
ENoG
EOG
ESR

ESS

ET

ETD

ETT
EUA

EXIT
FB
FEES

distortion product
otoacoustic emissions
diagnosis

external auditory
canal

Epstein-Barr virus
external carotid artery
electrocardiogram
extracorporeal
membrane
oxygenation
electrocochleography
extracapsular spread
electroencepha-
lography

epidermal growth
factor receptor
external jugular vein
electromyogram
elective neck
dissection

extranodal extension
electronystagmography
electroneuronography
electrooculography
erythrocyte
sedimentation rate
endoscopic sinus
surgery

eustachian tube,
endotracheal
eustachian tube
dysfunction
endotracheal tube
examination under
anesthesia

ex-utero intrapartum
foreign body
functional endoscopic
evaluation of
swallowing
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FEESST

FESS
FEV
FNA
FOM
FTA-ABS

FTSG

FVPTC

GABHS

GCS
GERD

GI
GPA

GRBAS

GSPN

Gy

H&N
HA

HB

HBO
HFSNHL

HHT

functional endoscopic
evaluation of
swallowing with
sensory testing
functional endoscopic
sinus surgery

forced expiratory
volume

fine-needle aspiration
floor of mouth
fluorescent
treponemal antibody-
absorption test
full-thickness skin
graft

follicular variant of
papillary thyroid
carcinoma

group A f3-hemolytic
streptococci

Glasgow Coma Scale
gastroesophageal
reflux disease
gastrointestinal
granulomatosis

with polyangiitis
(Wegner’s)

grade, roughness,
breathiness, asthenia,
strain

greater superficial
petrosal nerve

gray

head and neck
hearing aid, headache
House-Brackmann
hyperbaric oxygen
high frequency
sensorineural hearing
loss

hereditary hemorrhagic
telangiectasia
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HIV

HL

HNSCC

HPV

HSV
1&D
IAC

ICA
ICP
IFN
Ig
THC

%
IL
M
IMF

IMRT
IS
ISSNHL
ITC

ITE
I™

IVIG

JNA

hearing-in-noise test
human
immunodeficiency
virus

hearing level, hearing
loss

head and neck
squamous cell
carcinoma

human papilloma
virus

herpes simplex virus
incision and drainage
internal auditory
canal

internal carotid artery
intracranial pressure
interferon
immunoglobulin
inner hair cell,
immunohisto-
chemistry

internal jugular vein
interleukin
intramuscularly
intermaxillary
fixation (see MMF)
intensity-modulated
radiation therapy
incudostapedial
(joint)

idiopathic sudden
sensorineural hearing
loss

in the canal

in the ear

in the mouth
intravenous
immunoglobulin
juvenile
nasopharyngeal
angiofibroma
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LAD

LARP

LCA

LDH
LDL

LEMG

LES

LFT

LMA

Lp

LPR

LSPN

LTB

MBS

MBSS

MCL

MDL

MDLB

ME

MEE
MEN

keratocystic
odontogenic tumor
potassium titanyl
phosphate
lymphadenopathy
left anterior, right
posterior semicircular
canal pair

lateral cricoarytenoid
muscle

lactate dehydrogenase
loudness discomfort
level

laryngeal
electromyography
lower esophageal
sphincter

liver function test
laryngeal mask airway
lumbar puncture
laryngopharyngeal
reflux

lesser superficial
petrosal nerve
laryngotracheobron-
chitis

modified barium
swallow

modified barium
swallow study
medial canthal
ligament
microdirect
laryngoscopy
microdirect
laryngoscopy and
bronchoscopy
middle ear

middle ear effusion
multiple endocrine
neoplasia

MHL
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MMEF
MND
MRA
MRI
MRND
MRSA
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MWT
Mo
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ND
NET
NF
NHL

NIHL
NOE
NP
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NPO
NREM

NSAID

NSTI

mixed hearing loss
maxillomandibular
advancement
maxillomandibular
fixation

modified neck
dissection

magnetic resonance
angiography
magnetic resonance
imaging

modified radical neck
dissection
methicillin resistant
Staphylococcus aureus
multiple sleep latency
test

maintenance of
wakefulness test
macrophage
National
Comprehensive
Cancer Network
neck dissection
nerve excitability test
neurofibromatosis
non-Hodgkin’s
lymphoma
noise-induced
hearing loss
naso-orbitoethmoid
nasopharynx
nasopharyngeal
carcinoma

nothing by mouth
nonrapid eye
movement
nonsteroidal anti-
inflammatory drug
necrotizing soft tissue
infection
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OAE
OoC
OCR
OE
OHC
OM
OMC
OME

OP
ORIF

ORL
OSA

OSAS
OTC

OTE
oVEMP

ow

PB max

PCA

PCR

PDT

PE

PEEP

PEG

otoacoustic emissions
oral cavity

ossicular chain
reconstruction

otitis externa

outer hair cell

otitis media
ostiomeatal complex
otitis media with
effusion

oropharynx

open reduction
internal fixation
otorhinolaryngology
obstructive sleep
apnea

obstructive sleep
apnea syndrome
over-the-counter
over-the-ear

ocular vestibular
evoked myogenic
potential

oval window
phonetically balanced
maximum

posterior
cricoarytenoid muscle
polymerase chain
reaction
percutaneous
dilational
tracheotomy
physical examination,
pressure equalization,
pulmonary embolus
positive end-
expiratory pressure
percutaneous
endoscopic
gastrostomy

PET

PLM
PLMD

PORP

PPI
PSG
PT
PTA

PTH
PTT

PVFD
PVFM
QOL
RALP
RAST

RDI

RF

RFFF

RPA

pressure equalization
tube, positron
emission tomography
periodic leg
movement

periodic limb
movement disorder
partial ossicular
replacement
prosthesis
proton-pump
inhibitor
polysomnography
prothrombin time
pure-tone average,
peritonsillar abscess
parathyroid hormone
partial
thromboplastin time
paradoxical vocal fold
motion disorder
paradoxical vocal fold
motion

quality of life

right anterior, left
posterior semicircular
canal pair
radioallergosorbent
test

respiratory
disturbance index
rapid eye movement
respiratory effort-
related arousal
rheumatoid factor,
radiofrequency

radial forearm free flap
recurrent laryngeal
nerve
retropharyngeal
abscess
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RRP
RSTL
RTOG
RW
Rx

SC
SCC

SCM
SDB
SIADH
SL

SLE
SLN

SLP
SMAS
SMG
SML
SNHL
SPL
SQ
SML
SRT

SSD

recurrent respiratory
papillomatosis
relaxed skin tension
line

Radiation Therapy
Oncology Group
round window
treatment
subcutaneous
squamous cell
carcinoma,
semicircular canal
sternocleidomastoid
sleep-disordered
breathing

syndrome of
inappropriate
antidiuretic hormone
sensation level
systemic lupus
erythematosus
superior laryngeal
nerve

superficial lamina
propria, speech-
language pathologist
superficial
musculoaponeurotic
system
submandibular gland
suspension
microlaryngoscopy
sensorineural hearing
loss

sound pressure level
subcutaneous
suspension
microlaryngoscopy
speech (spondee)
reception threshold
single-sided deafness

SSNHL

SSx
STSG

T&A
TA

TB
TCA
TEOAE
TEP
TFT
TGDC
TID
TL

TLM

™
T™]

TNF
TNM

TORCH

TORP

Trach

sudden sensorineural
hearing loss

signs and symptoms
split-thickness skin
graft

tonsillectomy and
adenoidectomy
thyroarytenoid
muscle

tuberculosis

tricyclic
antidepressant,
trichloroacetic acid
transiently evoked
otoacoustic emissions
tracheoesophageal
puncture

thyroid function test
thyroglobulin
thyroglossal duct cyst
three times a day
total laryngectomy
transoral laser
microsurgery
tympanic membrane
temporomandibular
joint

tumor necrosis factor
tumor, node,
metastasis
toxoplasmosis,

other, rubella,
cytomegalovirus,
herpes simplex virus
total ossicular
replacement
prosthesis
tracheostomy,
tracheotomy,
tracheostomy tube,
tracheotomy tube
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TSH
TVC
TVF
u/sS
UARS
UES
UP3
UPPP
URI

VBI

vC
VCD

VDRL

VEMP

thyroid-stimulating
hormone

true vocal cord

true vocal fold
ultrasound

upper airway
resistance syndrome
upper esophageal
sphincter
uvulopalato-
pharyngoplasty
uvulopalato-
pharyngoplasty
upper respiratory
infection
vertebrobasilar
insufficiency

vocal cord

vocal cord dysfunction
(see PVFD)
venereal disease
research laboratory
vestibular evoked
myogenic potential

VF
VESS

vHIT

VNG
VOR

VPI

VRA

vzZv

WU
WDTC

XRT
YAG

ZMC

vocal fold
videofluoroscopic
swallow study
video head impulse
testing
videonystagmography
vestibulo-ocular
reflex
velopharyngeal
insufficiency

visual response
audiometry
varicella zoster virus
workup
well-differentiated
thyroid carcinoma
(papillary and
follicular)

radiation therapy
yttrium aluminum
garnet
zygomaticomaxillary
complex
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ANATOMY OF THE NOSE AND
PARANASAL SINUSES

Paranasal Sinus Anatomy

Lateral Nasal Wall (sec Figure 1-1)

¢ Turbinates (Conchae): three to four bony shelves (inferior, middle,
superior, and supreme [normal variant]) covered by erectile mucosa,
serve to increase the interior surface area; function to warm, moisture,
and filter airflow

* Meatuses: spaces located beneath each turbinate

1. Superior Meatus: drainage pathway of the sphenoid and
posterior ethmoid sinuses

2. Middle Meatus: drainage pathway of the frontal, anterior
ethmoid, and maxillary sinuses

3. Inferior Meatus: contains orifice of the nasolacrimal duct

¢ Uncinate Process: sickle-shaped thin bony part of the ethmoid
bone covered by mucoperiosteum; anteriorly attaches to lacrimal
bones; inferiorly attaches to the inferior turbinate; superiorly attaches
to lamina papyracea (80%), roof of the ethmoid (base of skull), or
middle turbinate

e Ethmoid Infundibulum: pyramidal space that houses the drainage
of the maxillary, anterior ethmoid, and frontal sinuses

* Recess Terminalis: blind pouch in the infundibulum created when
the uncinate inserts superiorly into the lamina papyracea

* Semilunar Hiatus: gap that empties the ethmoid infundibulum,
located between the uncinate process and the ethmoid bulla

* Sphenopalatine Foramen: posterior to inferior attachment of the
middle turbinate; contains sphenopalatine artery, sensory nerve fibers,
and secretomotor fibers (parasympathetic fibers from vidian nerve to
pterygopalatine ganglion)

* Concha Bullosa: a pneumatized turbinate (middle turbinate most
common), may result in nasal obstruction or obstruction of the
osteomeatal complex

¢ Paradoxical Middle Turbinate: a middle turbinate that is “turned”
medially instead of laterally

* Ostiomeatal Complex (OMC): region referring to the anterior
ethmoids containing the ostia of the maxillary, frontal, and ethmoid
sinuses; lateral to the middle turbinate

¢ Nasal Fontanelles: areas of the lateral nasal wall where no bone
exists, located above the insertion of the inferior turbinate, may be the
site of accessory maxillary ostia
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4 Otolaryngology-Head and Neck Surgery

¢ Nasolacrimal Duct and Sac: duct is located lateral to the anterior
uncinate process, sac is lateral to the agger nasi cell and opens into the
inferior meatus via Hasner’s valve, located 3—6 mm anterior to level
of maxillary sinus ostium

Frontal Sinus

e Embryology: last to develop, does not pneumatize until 5-6 years old
Volume at Adult: 4-7 mL by 12-20 years old (5-10% aplastic/
hypoplastic)

Drainage: frontal recess into the anterior middle meatus most
commonly medial to the uncinate (when uncinate attaches superiorly

to the lamina papyracea) or lateral to the uncinate (when uncinate

attaches superiorly to skull base or middle turbinate)

Vasculature: supraorbital and anterior ethmoidal arteries, ophthalmic

(cavernous sinus) and supraorbital (anterior facial) veins

Innervation: supraorbital nerve (CN V)

* Frontal Recess: drainage space between the frontal sinus and
semilunar hiatus/middle meatus; bounded by the posterior wall of the

agger nasi cell, lamina papyracea, and middle turbinate
* Frontal Sinus Infundibulum: space that drains into frontal recess,
superior to the agger nasi cells
¢ Foramina of Breschet: small venules that drain the sinus mucosa
into the dural veins
Frontal Cells: anterior ethmoid cells that pneumatize the frontal

recess, may cause obstruction or persistent disease, posterior to the
agger nasi cell, 4 types (as defined by Bent and Kuhn)
Type I: single cell above agger nasi cell but below the floor of the
frontal sinus (infundibulum)
Type II: multiple cells above agger nasi cell, may extend into the
frontal sinus proper
Type III: single large cell that extends supraorbitally through the
floor of the frontal sinus, attaches to the anterior table
Type IV: single isolated cell that is within the frontal sinus

Maxillary Sinus

e Embryology: first to develop in utero, biphasic growth at 3 and 7-18
years old

Volume at Adult: typically 15 mL (largest paranasal sinus)

Drainage: ethmoid infundibulum (middle meatus, 10-30% have

accessory ostium)

Vasculature: branches of maxillary artery and corresponding veins to
facial vein/pterygoid plexus
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Innervation: branches of maxillary nerve (CN V,)

Adjacent Structures: lateral nasal wall, alveolar process of maxilla
(contains second bicuspid and first and second molars), orbital floor,
posterior maxillary wall (contains pterygopalatine fossa housing the
maxillary artery, pterygopalatine ganglion, and branches of CN V,)

Fthmoid Sinus

Embryology: three to four cells at birth (most developed paranasal
sinus at birth), formed from 5 ethmoturbinals (1 = agger nasi,
uncinate; 2 = middle turbinate; 3 = superior turbinate; 4-5 = supreme
turbinate; may vary by source)

Volume at Adult: 10-15 aerated cells, total volume of 2—3 mL (adult
size at 1215 years old)

Drainage: anterior cells drain into the ethmoid infundibulum
(middle meatus), posterior cells drain into the superior meatus
Vasculature: anterior and posterior ethmoid arteries (from
ophthalmic artery), branches of sphenopalatine artery; see Figure 1-2
for distance relationships of anterior and posterior ethmoid arteries
and optic foramen to the anterior lacrimal crest (“24/12/6 rule”);
maxillary and ethmoid veins (cavernous sinus)

Innervation: anterior and posterior ethmoidal nerves (from
nasociliary nerve, CN V)

Adjacent Structures: skull base, anterior ethmoid artery (roof of
anterior ethmoid cells), nasal cavity, orbit

Agger Nasi Cells: most anterior of anterior ethmoid cells found
anterior and superior to the middle turbinate attachment to the lateral
wall, the posterior wall of the agger nasi cells forms the anterior wall
of the frontal recess

Ethmoid Bulla: the largest of the anterior ethmoid cells that lies
above the infundibulum, the anterior ethmoid artery courses superior
and posterior to this cell

Basal (Ground) Lamella of the Middle Turbinate: bony attachment
of the middle turbinate to lateral nasal wall that separates anterior and
posterior ethmoid cells; anterior part inserts vertically into the crista
ethmoidalis, middle part inserts obliquely into the lamina papyracea,
posterior third attaches to the lamina horizontally

Onodi Cells: ethmoid cells that pneumatize lateral or posterior to
anterior wall of the sphenoid, commonly mistaken as sphenoid cells;
optic nerve or carotid artery may indent into the lateral wall

Haller Cells: ethmoid cells that extend into maxillary sinus above the
ostium, pneumatize the medial and inferior orbital walls

Lamina Papyracea: lateral thin bony wall of the ethmoid sinus,
separates orbit from ethmoid cells as a part of the medial orbital wall
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Fovea Ethmoidalis: roof of ethmoid sinus

Supraorbital Cell: pneumatization of the posterior orbital plate of
the frontal bone often forms septations in the frontal recess
Olfactory Fossa: depression in anterior cranial cavity with floor
formed by cribiform plate, below which lies the olfactory cleft; Keros
classification describes distance relationship between fossa and
ethmoid roof (Type 1: 1-3 mm, Type 2: 4~7 mm, Type 3: 8-16 mm);
Type 3 has higher risk of violating skull base

Lamellae of Ethmoid Bone (anterior to posterior): 1 = uncinate
process, 2 = bulla ethmoidalis, 3 = basal lamella of middle turbinate,
4 = lamella of superior turbinate

Sphenoid Sinus

Embryology: evagination of nasal mucosa into sphenoid bone
Volume at Adult: 0.5-8 mL (adult size at 12—18 years old)

Drainage: sphenoethmoidal recess

Vasculature: posterior ethmoidal and sphenopalatine arteries,
maxillary vein (pterygoid plexus)

Innervation: posterior ethmoidal nerves (CN V)

Adjacent Structures: pons, pituitary (sella turcica), carotid artery
(lateral wall, 25% dehiscent), optic nerve (lateral wall, 5% dehiscent),
cavernous sinus (laterally), CN V, and VI, clivus, septal branch of the
sphenopalatine artery (inferior aspect of the sphenoid os)

Nose Anatomy

External Nose

Piriform Aperture: bounded inferolaterally by maxilla and superiorly
by nasal bones

Upper Lateral Cartilage: inferior to nasal bone (paired)

Lower Lateral (Greater) Alar Cartilage: cartilage inferior to the
upper lateral cartilage, composed of lateral and medial crura (paired)
Lesser Alar Cartilage: small cartilaginous plates that are lateral to the
lower lateral alar cartilage (paired)

Septum: sce below

Muscles: procerus, nasalis, dilator naris anterior, depressor septi and
levator labii superioris alaeque nasi; all innervated by CN VII

Nasal (Aesthetic) Subunits: see pp. 485487

Nasal Septum (see Figure 1-3)

Quadrangular Cartilage: septal cartilage
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¢ Perpendicular Plate of the Ethmoid: projects from cribriform plate
to septal cartilage

e Vomer: posterior and inferior to perpendicular plate

* Nasal Crest (Maxillary and Palatine Bone): trough of bone that
supports the septal cartilage

e Anterior Nasal Spine: bony projection anterior to piriform aperture

Nasal Cavity

* Vestibule: lies just inside the naris anterior to the limen nasi (ridge
that marks beginning of nasal cavity), lined by keratinized stratified
squamous epithelium with coarse hair-bearing skin inferiorly

* Roof: bounded by nasal/frontal bone anteriorly, cribiform plate and
sphenoid face posteriorly

* Floor: formed by palatine process of maxilla and horizontal plate of
palatine bone, communicates with piriform aperture anteriorly and
choana posteriorly

* Septum and Lateral Wall

Sensory Innervation

External Innervation

e supratrochlear and infratrochlear nerves (CN V,): nasal dorsum
e external nasal branch of anterior ethmoid (CN V)): nasal tip
* infraorbital nerve (CN V,): malar, lateral nose, and subnasal regions

Internal Innervation

* internal nasal branch of anterior ethmoid (CN V,): anterosuperior
nasal cavity

posterior ethmoid nerve (CN V)): posterosuperior nasal cavity

* naspopalatine nerve (CN V,): posterior and inferior septum

greater palatine nerve (CN V,): posterior lateral wall, floor, and roof

superior alveolar nerve (CN V,): anterior septum, floor, and lateral
wall

Vascular Anatomy (se Figures 1-1 and 1-3)
External Carotid Artery Branches

Maxillary Artery (Internal Maxillary Artery)

¢ descending palatine artery — greater palatine and lesser palatine
arteries
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* sphenopalatine artery — sphenopalatine foramen (posterior to the
middle turbinate) — medial (nasoseptal) and lateral nasal artery
(middle and inferior turbinates)

Facial Artery

e superior labial artery — collumella, nasal septum, and alar
branches

* lateral nasal artery

e angular artery — nasal sidewall, tip, and dorsum

Internal Carotid Artery — Opbthalmic Artery

e anterior ethmoid artery (larger than the posterior ethmoid artery) —
lateral nasal wall and septum

* posterior ethmoidal artery — superior turbinate and septum

* dorsal nasal artery — external nose

Venous System

e greater palatine vein — posterior facial vein (external jugular vein)
and cavernous sinus
* septal vein — anterior facial vein (internal jugular vein)

sphenopalatine vein — cavernous sinus and maxillary vein (internal
jugular vein)

anterior and posterior ethmoidal veins — ophthalmic veins
(cavernous sinus)

e angular vein — anterior facial vein (internal jugular vein) or
ophthalmic veins (cavernous sinus)

e “Danger Triangle”: bounded by oral commissures and nasal bridge,
retrograde drainage from superficial veins may lead to intracranial
extension of infection

Lympbhatics

e External: primarily to level Ib, root of nose to superficial parotid
nodes

* Internal: anterior nasal cavity drains superficially and then to level IB,
rest drains to retropharyngeal and upper cervical nodes
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PHYSIOLOGY OF THE NOSE
AND PARANASAL SINUSES

Physiology of the Nasal Airway

Nasal Cycle and Respiratory Airflow

nasal airflow is regulated through the volume of the venous sinusoids
(capacitance vessels) in the nasal erectile tissue (located primarily in
the inferior turbinate and to a lesser extent in the anterior septum)
the hypothalamus continuously stimulates a sympathetic tone (via
the superior cervical sympathetic ganglia) to maintain a level of nasal
vasoconstriction
inspired air is warmed to body temperature and is humidified to
almost 100% humidity
Nasal Flow = Pressure / Resistance; flow may be laminar (normal) or
turbulent (may cause eddied currents that may be perceived as nasal
obstruction)
Sneeze Reflex: induced by allergens, ammonia, viral infections,
exercise, and other irritants, which stimulate trigeminal afferents;
complex efferent input results in a slow inspiratory phase, glottic and
velopharyngeal closure (increases subglottic pressure), followed by a
sudden glottic opening (sneeze)
Regulation Response Types

1. Asymmetric Congestive Response (The Nasal Cycle): normal

physiologic congestion/decongestion cycle alternating between
nasal sides every 27 hours

2. Symmetric Congestive Response: temporary bilateral
congestion induced by exercise, changes in body position,
hyperventilation, cold air, sulfur, histamine, and other irritants;
lasts 15-30 minutes

Microvasculature

regulates nasal volume, humidity, and heat exchange

Resistance Vessels: arterioles and precapillary sphincters, regulate
blood flow to the nasal mucosa

Subepithelial Capillaries: fenestrated vessels allow for transport of
solutes and fluids

Venous Sinusoids: capacitance vessels, determine blood volume and
nasal congestion




12 Otolaryngology-Head and Neck Surgery

* Arteriovenous Anastomoses: regulate nasal blood flow by allowing
blood to flow directly from the resistance vessels to the venous
sinusoids

Regulation of Nasal Microvasculature

e Sympathetic Innervation: provides vasoconstrictor tone to arteries
and capacitance veins, mediated through norepinephrine (primary
neurotransmitter), neuropeptide Y (a weak vasoconstrictor, enhances
effects of norepinephrine), and avian pancreatic polypeptide
(APP)

Parasympathetic Innervation: controls secretions and dilates

resistance vessels, mediated through acetylcholine (primary
neurotransmitter), vasoactive intestinal peptide (VIP), and peptide
histamine isoleucine (PHI)

Mucociliary System

e Function: humidification, filtering, and eliminating debris and excess
secretion from sinuses and nasal airway

Mucociliary Flow: mass motion of the mucous blanket in the
paranasal sinuses at 1 cm/minute (migration in the maxillary sinus
begins at the floor of maxillary sinus — natural ostium — nasal cavity
— nasopharynx)

e Components

1. Ciliated, Pseudostratified Columnar Epithelium: anterior
border begins at limen nasi

2. Double-Layered Mucous Blanket: deep, less viscous, serous
periciliary fluid (sol phase) and superficial, more viscous, mucous
fluid (gel phase)

3. Mucus-Producing Glands: goblet cells (columnar cells, basal
nucleus, secretory granules at lumen end), deep and superficial
seromucinous glands (serous or mucous acini with cuboidal-lined
duct complexes), and intraepithelial glands (20-50 mucous cells
around a single duct)

* Major Composition of Nasal Mucus: 95% water, 3% glycoproteins
(mucin), 2% salts, immunoglobulins (IgA), lysozymes (bacteriolytic),
and lactoferrin (bacteriostatic)

Olfactory Physiology

olfaction requires airflow from the anterior nares (orthonasal) or the
choanae (retronasal)
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the olfactory nerve (CN I) is the major carrier of olfactory
information, other contributions are from the trigeminal nerve
(CN'V) via substance P pain fibers for noxious stimuli (eg, vinegar
and ammonia), and the nervus terminalis (possible role in pheromone
detection)
Olfactory Epithelial Cell Types
1. Ciliated Olfactory Receptor Cells: club-shaped bipolar neurons
with ciliated dendrites and axons that synapse to the olfactory bulb
2. Microvillar Cells: neuronal cells of unknown function
3. Supporting Cells (Sustenacular Cells): contribute to ion and
water regulation and odorant metabolism
4. Basal Cells: 2 types (horizontal and globose), globose cells are

stem cells capable of regenerating olfactory receptor neurons
Olfactory Mechanism: odorant enters olfactory cleft — odorant
dissolves in mucus (secreted by Bowman’s glands and goblet cells) —
odorant binding proteins (OBP) concentrate the solubilized odorant
— binds to olfactory receptor at the sensory cilia — stimulates a
specific G-protein (cAMP-dependent) cascade for depolarization —

synaptic connections form a complex network of secondary neurons
(suggesting peripheral processing) before entering the brain (dentate
and semilunate gyri)

each odorant receptor cell detects a single type of odorant (hundreds
of types) and have varying ability to regenerate (usually incomplete,

less with age)

EVALUATION FOR NASAL OBSTRUCTION

History and Physical Exam

History

Character of Nasal Obstruction: onset and duration, constant versus
intermittent, unilateral (tumors, normal nasal cycle) versus bilateral
obstruction, associated mouth breathing, snoring, anosmia/hyposmia/
taste disturbances, tearing (nasolacrimal duct obstruction or allergy)

Contributing Factors: potential toxin and allergen exposure,

known drug allergies, medications (see Table 1-1), history of
immunodeficiency, asthma, rhinosinusitis, otitis media, allergy, sleep
disturbances, facial trauma or surgery

Associated SSx: allergic component (sneezing, itchy and watery eyes,
clear rhinorrhea), sinus involvement (facial pain, headaches), acute
infection (fevers, malaise, purulent or odorous nasal discharge, pain)
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TABLE 1-1. Common Classifications of Drugs That

1se Rhinorrhea and Nasal Congestion

Antihypertensives

Benign Prostate Hypertrophy Medications

Psychotropic Medications

Oral Contraceptives

Chronic Nasal Decongestants: rhinitis medicamentosa

Cocaine: local vasoconstriction

Tobacco: irritates mucosa and impairs ciliary clearance

Antithyroid Medication

Aspirin: activates peripheral chemoreceptors

Antiplatelets
NSAIDs

Marijuana

e H&N: sore throat, postnasal drip, cough, ear complaints, halitosis,
ocular pain, hoarseness

e think “KITTENS” for differential diagnosis (see Table 1-2)

Physical Exam

¢ External Nasal Exam: external deformities (firmness, tenderness on
palpation), nasal flaring, nasal airflow

Anterior Rhinoscopy/Nasal Endoscopy: examine twice with and
without topical decongestion, quality of turbinates (hypertrophic,

pale, blue), quality of nasal mucosa, nasal septum, ostiomeatal

complex obstruction, foreign bodies, nasal masses, choanal opening

Quality of Nasal Secretions: purulent or thick (infectious), watery

and clear (vasomotor rhinitis, allergy), salty and clear (CSF leak)

* H&N Exam: facial tenderness, tonsil and adenoid hypertrophy,
cobblestoned posterior pharynx, cervical adenopathy, otologic exam

Ancillary Tests

o Allergy Evaluation: (see pp. 36-39)

* CT/MRI of Paranasal Sinus: indicated if obstruction may
be secondary to nasal masses, polyps, or for workup of chronic
rhinosinusitis; MRI preferred if suspect tumors, intracranial
involvement, or complicated rhinosinusitis
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Biopsy: indicated for any mass suspicious for malignancy; avoid
biopsy of vascular neoplasms (juvenile nasopharyngeal angiofibroma,
sarcomas) or encephaloceles

Rhinomanometry: provides an objective measurement of airway
resistance; largely not utilized in clinical practice since highly time-
consuming, expensive, and inaccurate

Ciliary Biopsy and Mucociliary Clearance Tests: clectron
microscopy and ciliary motility studies for ciliary defects

Nasal Secretion Protein, Glucose, or 32-transferrin: evaluate for
CSF leak

Culture and Sensitivity: directed nasal swab, surgically obtained
cultures may be indicated for complicated acute rhinosinusitis and
resistant chronic rhinosinusitis

Pulmonary Function Tests: consider if suspect coexisting reactive
airway disease

Olfactometry: qualitative and quantitative testing of olfactory
substances, largely not utilized in clinical practice

NASAL DISEASES

Congenital Nasal Disorders (see pp. 550-551)

Inflammatory Nasal Masses

Nasal Folliculitis and Furuncles

Pathogenesis: a pyoderma (purulent skin disease) secondary to
Staphylococcus or Streprococcus, typically arises from a hair follicle
(folliculitis), may organize to form pus with a central core (furuncle
or boil); a carbuncle is a group of furuncles

SSx: intranasal tenderness, reddening and edema of nasal vestibule,
sensation of tension at tip of nose, fever

Dx: clinical exam, culture

Complications: septal abscess, septal chondritis, saddle nose
deformity, cavernous sinus thrombosis

Rx: oral antibiotic and triple-antibiotic ointment may be used
initially, avoid manipulation, incision and drainage for abscess
formation, intravenous antibiotics for recalcitrant disease

Septal Abscess

Pathophysiology: usually secondary to trauma (septal hematoma may
become a nidus for infection), a furuncle, or iatrogenic
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e SSx: widened septum, nasal obstruction, severe pain, fever, erythema
in nasal vestibule

e Complications: intracranial extension (cavernous sinus thrombosis,
meningitis), septal chondritis, saddle nose deformity due to cartilage
necrosis

e Rx: aggressive management with I&D with antibiotics

Rhinophyma

e Pathophysiology: massive hypertrophy and hyperplasia of sebaceous
glands (form of acne rosacea), associated with Demodex folliculorum
(face mite)

e typically afflicts white 40-60-year-old males, not associated with
alcohol, associated with facial flushing

e SSx: begins with acne rosacea with a flush reaction in adolescence,
skin becomes oily, cystic, and thick; later stages form large pits,
fissures, lobulations, and pedunculation deforming the nose into a
large lobular swelling of the nasal tip; may cause nasal obstruction

¢ Dx: clinical exam

* may house occult basal cell carcinoma

* Rx: preventive therapy includes cleansing the skin with defatting
detergents, anti-inflammatory agents, antibiotics, benzoyl peroxide
lotions, and isotretinoin; significant nasal deformity may be treated
surgically (partial or full-thickness excision [decortication] using laser,
electrocautery, dermabrasion, or sharp excision followed by skin

grafts)

Rhinolith and Nasal Foreign Bodies

e Pathophysiology: concretions secondary to encrustation of foreign
body or longstanding nasal crusting may form rhinoliths

* SSx: unilateral, purulent rhinorrhea, pain, epistaxis

* most common cause of pediatric unilateral rhinorrhea

e Dx: anterior rhinoscopy, imaging, or nasal endoscopy

* Complications: secondary infection

* Rx: removal (may require general anesthetic)

Nasal (Sinonasal) Polyposis

* Pathophysiology: may be secondary to abnormal cellular homeostasis
from chronic inflammation resulting in polypoidal degeneration

e associated with chronic rhinosinusitis (-50%), allergic rhinitis, cystic
fibrosis (up to 40%), trauma, Churg-Stauss Syndrome, and metabolic
diseases
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e Samter’s Triad (8—-10% of nasal polyposis patients), more severe,
recurring, and recalcitrant
1. asthma
2. aspirin sensitivity
3. nasal polyposis
* must also consider encephalocele, glioma, or inverted papilloma
e SSx: smooth, pale, intranasal clustered grapelike masses (usually
bilateral); nasal obstruction; anosmia/hyposomia; postnasal drip;
rhinorrhea; facial pressure or pain (chronic sinusitis)
e Dx: anterior rhinoscopy, nasal endoscopy, CT of paranasal sinuses
(nonenhancing nasal mass, partial or complete sinus opacification,
possible expansion), allergy testing
Histopathology: pseudostratified respiratory epithelium with three
types of stroma: edematous (few inflammatory cells with edematous
stroma), inflammatory (predominantly inflammatory cells), fibrous
(collagen stroma); eosinophilia predominates
* Complications: exacerbation of rhinosinusitis, proptosis, diplopia,
bone erosion, osteitis, meningitis

Management

* Medical Management: aggressive allergy management, long-term
nasal corticosteroid sprays and rinses, oral corticosteroids, avoidance
of aspirin (if intolerant), cromolyn spray (rarely used), leukotriene
inhibitors (eg, montelukast)

Polypectomy: effective in short term (high rate of recurrence),
provides a biopsy specimen, may be completed in the office
Functional Endoscopic Sinus Surgery (FESS): treatment of choice
for persistent and severe symptoms; includes polypectomy, complete
sphenoethmoidectomy, antrostomy for ventilation and drainage;
polypoid specimen should be sent as specimen to evaluate for

potential underlying tumor; recurrence common if non-compliant to
medical management

* Recurrent or Severe Sinonasal Polyposis: requires frequent
monitoring, consider comprehensive (revision) endoscopic
approaches, consider daily oral corticosteroids (low-dose) or high-dose
corticosteroid nasal saline irrigations (budesonide), corticosteroid
eluding stents (new)

Antrochoanal Polyp

* Pathophysiology: retention cyst from maxillary sinus that protrudes
through the antrum and may enter the choana and nasopharynx
e SSx: unilateral obstructing polyp
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e Histopathology: not associated with eosinophilia or typical
inflammatory markers of nasal polyposis

* Rx: endoscopic removal including the pedicled site within the
maxillary sinus

Benign Tumors

Keratotic Papilloma (Benign Squamous Papilloma,
Schneiderian Papilloma, Vestibular Wart)

e Dathophysiology: benign lesion arises from squamous or Schneiderian
(nasal) epithelium, associated most commonly with HPV 6 and 11

* low malignant potential

* subtypes include fungiform (most common, originates from nasal
septum), inverted (see below), and cylindrical (originates from nasal wall)

e SSx: verrucous lesion, commonly on nasal vestibule, often multiple,
painless

e Dx: anterior rhinoscopy, nasal endoscopy, biopsy confirms diagnosis

* Rx: simple excision or laser ablation; for septal keratotic papillomas
a cuff of normal mucoperichondrium should be taken with lesion to
avoid recurrence

Inverted Papilloma

e Dathophysiology: arises from proliferation of reserve cells in
Schneiderian mucosa associated with HPV 6 and 11 and EBV;
benign pathology but can be locally aggressive

* second-most common benign sinonasal tumor, more common in
males

* often misdiagnosed as a nasal polyp (polyps are more translucent,
bilateral, and less vascular)

* SSx: unilateral polyp (obstruction or rhinosinusitis), epistaxis,
thinorrhea, diplopia, typically presents on the lateral nasal wall (rarely
on the nasal septum); may be associated with a hyperinflammatory
nasal polyp

* Dx: CT of paranasal sinuses may reveal erosion or expansion into
lateral nasal wall or extension into maxillary or ethmoid sinuses,
may reveal calcifications; MRI may be considered for extensive
involvement or for recurrence; biopsy confirms diagnosis

* Histopathology: endophytic growth of epithelium, cristac-laden
senescent mitochondria, inflammatory cells throughout epithelium

* Complications: 10% malignant degeneration from lateral wall lesions
(rare from nasal septum), extension into sinuses, orbit (blindness,
diplopia, proptosis), or intracranial cavity and skull base
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e Rx: adequate excision typically requires a medial maxillectomy
or midface degloving (less common), endoscopic excision more
common with modern techniques, radiation not recommended;
recurrence varies widely and depends on adequacy of resection, rare
recurrence after 2 years

Juvenile Nasopharyngeal Angiofibroma (JNA)

* most common vascular mass in nose, most common nasopharyngeal
benign neoplasm

typically affects adolescent males

Pathophysiology: originates in pterygopalatine fossa, benign yet
aggressive vascular tumor, etiology unknown (may have hormonal

element since exclusive to adolescent males)
slow growing, locally invasive, may spread intracranially, does not
metastasize

* SSx: smooth purplish lobulated mass in nasopharynx or lateral nasal
wall (posterior aspect of the middle turbinate near the sphenopalatine
foramen); recurrent unilateral epistaxis (may be bilateral), rhinorrhea,
nasal obstruction, anosmia, headache, facial swelling, proptosis

e Dx: CT/CTA/MRI/MRA of paranasal sinuses (mass with extension

into pterygomaxillary fissure), carotid angiography; avoid biopsy

Histopathology: benign, encapsulated, composed of vascular tissue

and fibrous stroma, abundant mast cells

* Complications: extension into sinuses, orbit (blindness, diplopia,
proptosis), or intracranial and skull base
Fisch’s Classification: I—Ilimited to nasal cavity; II—extends into
pterygomaxillary fossa or sinuses with bony destruction; III—invades
infratemporal fossa, orbit, or parasellar area; IV—extends into
cavernous sinus, optic chiasmal region, or pituitary fossa
* Management
1. Endoscopic Surgery: avoids facial incision and dividing
bone for access; may be considered with tumors limited to
the ethmoids, maxillary sinus, sphenoid sinus, sphenopalatine
foramen, pterygomaxillary fossa, nasopharynx, or limited

infratemporal fossa involvement; consider preoperative
embolization (internal maxillary artery)

2. Open Surgical Approaches: type I or II tumors may
be approached through a transpalatal, transmaxillary,
sphenoethmoidal, or lateral rhinotomy route; infratemporal,
midface degloving, facial translocation, and subcranial
approaches may be considered for advanced disease; consider
preoperative embolization
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3. Radiation and Chemotherapy: limited use due to potential
complications (malignant transformation, growth retardation,
hypopituitarism, cataracts); considered for residual tumors,
intracranial extension, or nonoperative candidates; chemotherapy
considered for failed surgical and radiation therapies

4. Hormonal Therapy: estrogen, flutamide, may decrease tumor
size and vascularity; not routine

Other Benign Tumors

Osteoma: most common benign sinonasal tumor, slow growing,
usually asymptomatic, multiple lesions associated with Gardner
syndrome (malignant degeneration of intestinal polyps); Rx: excision
if symptomatic, otherwise may observe with serial imaging

Benign Salivary Gland Tumeors: rare, pleomorphic adenoma most
common; Rx: local excision

Hemangioma: most often presents at Little’s area (Kiesselbach’s
plexus, caudal septum) or inferior turbinate; Rx: excision with cuff of
normal mucoperichondrium, may consider preoperative embolization
if significantly large

Pyogenic Granuloma (Lobular Capillary Hemangioma): friable
polypoid lesion (usually on septum, may be secondary to trauma),
difficult to distinguish from a hemangioma, presents with epistaxis
and unilateral obstruction, may present during pregnancy (“pregnancy
tumor”); Rx: excision although most resolve

Hemangiopericytoma: arises from pericytes, 10% malignant
degeneration; Rx: excision, 50% recur

Chordoma: arises from notochord of nasopharynx, may produce
obstructive symptoms or involve cranial nerves; Rx: excision

Malignancy (see pp. 312-318)

Systemic Diseases Affecting the Nose

Granulomatous Diseases (see also pp. 245-247)

Sarcoidosis: cobblestoning of sinonasal mucosa from granulomatous
inflammation, dryness, crusting, epistaxis, or septal perforation
Granulomatosis with Polyangiitis (GPA): see following
Langerhans Cell Histiocytosis: nasal mass, epistaxis, or septal
perforation
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¢ Nasal Extranodal NK/T-Cell Lymphoma (Lethal Midline
Granuloma): clear to purulent rhinorrhea, septal perforation,
epistaxis, “midline” facial destructive lesions

Vasculitic Diseases (see also pp. 252-253)

* Granulomatosis with Polyangiitis (GPA; Wegener’s
Granulomatosis): inflamed friable mucosa, ulcerative septal
perforation, saddle nose deformity, epistaxis

* Polyarteritis Nodosa: nasal mucosal lesions

* Lupus Erythematosus: ulcerated nasal septum (nasal perforation)

Nasal Anatomic Abnormalities

Nasal Valvular Obstruction

* Valvular Collapse: a dynamic obstruction due to weak structural
support of the nasal valve, results in obstruction primarily during
inhalation

Bernoulli’s Principle: the narrowest segment (nasal valves)
accelerates nasal airflow resulting in a decrease in intraluminal
pressure causing collapse
e Causes: congenital, trauma, iatrogenic (excessive cartilage removal
at intercartilaginous junction and lateral crus), aging, caudal septal
deflection, facial nerve paralysis (loss of nasal dilators), topical nasal
decongestants
e SSx: nasal airway obstruction worse on inspiration (valvular collapse),
crusting, epistaxis, recurrent rhinosinusitis, hyposmia
* Dx: anterior rhinoscopy, nasal endoscopy, Cottle maneuver (pulling
laterally on cheek to open valve, if improves airway suggests valve
collapse)

Nasal Valve Boundaries

¢ External Nasal Valve (Nasal Vestibule) Boundaries:
1. nasal alar cartilage (superior and lateral walls)
2. caudal septum and medial crura (columella) (medial wall)
3. nasal sill (inferior wall)
¢ Internal Nasal Valve Boundaries: (50% of total nasal resistance,
narrowest part)

1. caudal edge of upper lateral cartilage (superior wall)
2. dorsal septum (medial wall)
3. anterior edge of the inferior turbinate (lateral wall)
4. nasal floor
* normal angle between septum and upper lateral cartilage is 10-15°
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Management of External Nasal Valve Incompetence

Nasal Breathing Strips: can be used at night

Septoplasty: addresses significant caudal deviation

Suspension Sutures: suture that is suspended from lateral crus to the
orbital rim, risk of loosening and breakage

Alar Batten Grafts: augments lateral wall support of the alar cartilage
during inspiration

Columellar Strut: cartilage placed in between medial crura, improves
tip ptosis

Caudal Extension Graft: cartilage placed at the caudal portion of the
septum, repositions the tip, lengthens the nose to support the external
nasal valve

Rim Graft: cartilage placed in caudal alar region

Management of Internal Nasal Valve Incompetence

medically treat underlying cause (infectious, allergy), surgery for
mechanical obstruction

Septoplasty: addresses a dorsal septal deflection (the most common
cause of internal nasal valve obstruction)

Inferior Turbinate Reduction: see following

Cartilaginous Spreader Grafts: widen internal valve angle, cartilage
placed between upper lateral cartilage and septum

Butterfly Graft: curved cartilage placed under the upper lateral cartilage

Surgical Management of the Septum

Submucous Resection: obstructing cartilaginous and bony portion
of the nasal septum is removed

Septoplasty: removal of deviated cartilaginous and bony septum
with reinsertion after remodeling and repositioning (preserves support
system, less risk of perforation)

Indications: nasal obstruction (deviated nasal septum), epistaxis,
chronic rhinosinusitis (when septum is obstructing), access for
transseptal sphenoidotomy, associated pain from an impacted spur
(contact point headaches, controversial), septal neoplasm (rare),
snoring, improve CPAP compliance

Complications: perforation, saddle nose deformity (over resecting
cartilage anteriorly), cribriform plate fracture, septal hematoma,
anosmia, septal abscess, bleeding

Surgical Management of the Inferior Turbinate

Outfracturing: easy, poor long-term results

Intramural Cautery/Coblation/Radiofrequency Ablation: ecasy,
may be done in the office, poor long-term benefit (especially without
medical management)
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¢ Partial Turbinate Reduction (Submucosal Resection): various
techniques to remove turbinate bone while preserving the medial
mucosa, excellent long-term benefit

* Total Turbinectomy: rarely recommended due to high risk of
atrophic rhinitis

* Indications: nasal obstruction; middle turbinectomy can be
performed for chronic rhinosinusitis (if obstructing or with severe
polypoidal degeneration) or for surgical access (eg, CSF leak repair or
to access the sphenoid sinus)

* Complications: bleeding, atrophic rhinitis (empty nose syndrome;
see pp. 44-45)

Septal Perforation

* Causes: septoplasty (most common cause, >50%, particularly if
bilateral septal opposing tears), trauma (nose picking), recurrent
cocaine or topical decongestant use, infection (tertiary syphilis),
malignancy, granulomatous disease, vasculitis, corticosteroid nasal
spray

e Dx: anterior rhinoscopy; consider biopsy of granulation tissue or
abnormal mucosa to evaluate for malignancy, sarcoidosis, tuberculosis,
and other granulomatous diseases

* SSx: crusting, epistaxis, whistling (small perforations), obstructive
sensation from turbulent flow, may be asymptomatic

e Rx: manage if symptomatic

1. Nasal Hygiene: moisture to reduce crusting and bleeding (saline
irrigation, petroleum ointment, emollients, humidity), avoid
digital manipulation

2. Silastic Button: easily inserted in office, various sizes available,
tolerance varies, crusting may occur around button

3. Surgical Repair: often challenging; includes sliding or rotating
mucoperichondrial flaps with or without a fascial graft;
contraindicated for large perforations (approximately >2 cm of
vertical height), may consider slightly enlarging perforation for
whistling

Septal Hematoma
e Pathophysiology: hemorrhage (from trauma or recent septal surgery)

collects beneath mucoperichondrium and mucoperiosteum resulting
in elevation of the mucosa off the cartilaginous septum (loss of
cartilaginous vascular supply)

e SSx: unilateral obstruction (may be bilateral), compressible cherry-
like or bluish septal swelling, nasal pain, nasal tip tenderness
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e Complications: septal abscess, cavernous sinus thrombosis, saddle
nose deformity due to cartilage necrosis

* Rx: immediate evacuation of hematoma followed by nasal splints to
prevent reaccumulation, antibiotic prophylaxis

Olfactory Dysfunction

Introduction

e see pp. 12-13 for anatomy and physiology

* impairs quality of life (loss of both smell and taste), safety risks
(ingestion of spoiled food, inability to smell environmental dangers
such as smoke or gas leak), may interfere with profession (chefs,
firefighters)

* 80% of taste disorders are primary smell disorders

Classification of Olfactory Dysfunction

* Anosmia: no sense of smell (traumatic shearing of olfactory neurons,

congenital)

Hyposmia (Microsmia): reduced sense of smell (smokers,

postmenopausal, elderly)

* Hyperosmia: heightened sense of smell (hunger, cystic fibrosis,
Addison’s disease)

* Dysosmia: altered qualitative perception of smell (may occur during

degeneration and recovery), phantosmia (olfactory hallucinations,
perception of odors that are not present), parosmia (distorted
perception of odorants)

Evaluation

History and Physical Exam

* Quality of Dysfunction: anosmia, hyposmia, hyperosmia, dysosmia
* Sidedness: unilateral (obstructing, traumatic, infectious) versus
bilateral (trauma)

Timing of Onset: gradual (sinonasal disease, tumor) versus sudden
(trauma)

e Contributing Factors: history of URI, rhinosinusitis, allergy, trauma,
toxins, medications, smoking

Associated SSx: changes in sense of taste, other cranial nerve
involvement (diplopia, hearing loss, hoarseness, etc.)

Social History: smoking, cocaine, huffing (inhalant abuse), work and
environmental exposure
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e Physical Exam: rhinologic and sinus evaluation including nasal
endoscopy to evaluate for obstruction, otologic examination to
evaluate dysfunction of the chorda tympani, full neurologic workup
to determine other possible coexisting defects

Diagnostic Tests

 CT of Paranasal Sinuses: mainstay for complicated olfaction disorders

or unclear etiology

* MRI: examine olfactory bulb and tracts for masses

¢ Olfactory Tests: includes scratch and sniff identification tests such
as the UPSIT (University of Pennsylvania Smell Identification Test;
fast and reliable; scored 0-40; <6 malingering, 6-18 total anosmia,
>33-34 normal), odor vials (including ammonia); can monitor
progression, recovery/response to treatment, or detect malingering;
electrophysiologic tests (odor event-related potentials and electro-
olfactogram) largely confined to research

 Labs: thyroid function, tests for mineral/vitamin deficiencies

* Biopsy: sampling of olfactory epithelium, risk of further damage,
largely confined to research

e Taste Testing: not routinely utilized

Causes and Treatment

Obstructive Nasal and Paranasal Disease

* most common ctiology of anosmia

* Pathophysiology: obstruction may compromise airflow to olfactory
bulb

* Common Causes: mucosal edema, allergies, tumors (eg,
nasopharyngeal carcinoma), nasoseptal deformities, polyps

e Rx: address underlying cause, relieve obstruction

Upper Respiratory Infection

* second most common etiology of anosmia

* may cause parosmia

e Pathophysiology: may be secondary to viral-induced neuronal injury,
epithelial damage, or obstruction

* Rx: no effective treatment, may trial steroids to reduce inflammation,
observation

Head Trauma

¢ third most common etiology of anosmia
e Dathophysiology: shearing forces injure the axons of olfactory

neurons at the cribriform plate (more common in occipital injuries),
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damage to brain regions that mediate olfaction may also occur
(olfactory bulbs and tracts)
Rx: no effective treatment, observation

Other Causes

Congenital: familial dysautonomia, Kallmann syndrome (autosomal
dominant, recessive, or X-linked; hypogonadotropic hypogonadism;
anosmia secondary to incomplete olfactory bulb and stalk,
hypothalamus, or olfactory epithelium)

Neurologic Tumors: temporal or frontal lobe lesions,
esthesioneuroblastoma, meningioma, pituitary adenoma

Neurologic Disease: Parkinson’s, Alzheimer’s (typically causes
parosmia), multiple sclerosis, epilepsy

Aging Effects (Presbyosmia): common (75% prevalence of olfactory
dysfunction in >80 years old), includes age-related sensorineural
degeneration and cumulative damage from diverse repeated insults
(viral, toxic, etc)

Toxins: smoke, cigarettes (cessation often results in improved

function over years, may be exacerbating agent), sulfur dioxide,

putrid gases, cocaine, cadmium, heavy metals (intranasal zinc spray),
radiation, chemotherapy

Medical: hypothyroidism, mineral/vitamin deficiencies, HIV
Surgical/latrogenic: trauma to olfactory epithelium, sinonasal surgery,

transphenoidal pituitary resection, medications

General Treatment Principles

treatment often limited, address underlying cause whenever possible
critical to emphasize safety precautions (working smoke and gas
detectors, always check expiration dates before drinking/eating)
may consider short trial of intranasal or systemic steroids to address
any inflammation-induced causes

encourage smoking cessation as may exacerbate other causes of
olfactory dysfunction

Epistaxis

Nasal Arterial Plexus
Kiesselbach’s Plexus (Little’s Area)

most common site of epistaxis (90%)

confluence of vessels at the anterior nasal septum

susceptible to bleeding due to the fragile mucosa and tight adherence
to underlying septum affording little resistance to mechanical stress
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e Contributing Arteries
1. internal carotid — ophthalmic — anterior ethmoid
2. external carotid — facial — superior labial
3. external carotid — maxillary — descending palatine — greater
palatine
4. external carotid — maxillary — sphenopalatine (terminal
branches)

Woodruff’s Plexus

* common source of posterior bleeds
* confluence of vessels on the lateral wall, posterior to the inferior/
middle turbinates
* Contributing Arteries
1. external carotid — maxillary — sphenopalatine
2. external carotid — ascending pharyngeal

Evaluation

History

e after evaluating the ABCs (airway, breathing, intravenous access),
ideally should perform a systematic evaluation of the patient prior
to controlling the bleeding (may not be possible for heavy bleeding;
consider phenylephrine or oxymetazoline-soaked cotton pledgets as a
temporizing procedure)

e Characterize Epistaxis: estimate amount of blood loss, duration
of bleeding, intermittent versus continuous bleeding, and side of

bleeding

e Epistaxis History: previous episodes (frequency, magnitude,
duration), inciting factors, hospitalizations, self-resolution versus need
for packing or other management

* Medical History and Blood Dyscrasias: hypertension, atherosclerosis,
leukemia, idiopathic thrombocytopenic purpura, von Willebrand
disease, renal and hepatic failure, anemia, hemophilia (higher risk of
arterial, pulsatile bleeding), Osler-Weber-Rendu Syndrome

* Medications: antiplatelet medications (ASA, NSAIDs), anticoagulants
(warfarin, heparin), herbal medicine (garlic, ginkgo, ginseng)

Social History: cocaine, other intranasal drugs, alcoholism, smoking

* Toxin Exposure: ammonia, sulfuric acid, gasoline, phosphorus
(associated with nasal dryness and crusting)

e Other Contributing Factors: previous septal or nasal surgery, recent

trauma to nasal bone or septum, facial skeleton, dry environment,

home CPAP/ventilators or oxygen, high-altitude living, symptoms of

allergy, rhinosinusitis, rhinitis, URI (typically short-lived bleeding)
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Non-Active Bleeding Physical Exam and Initial Ancillary Tests

* check vital signs, especially blood pressure

* utilize nasal endoscope to visualize prominent vessels and excoriations
as well as foreign bodies, masses, nasoseptal deformities, etc.

e Labs: PT/PTT, bleeding time, liver function tests, creatinine, CBC,
type and screen

Causes

e trauma (nose picking, vigorous nose blowing) and mucosal
dehydration (winter, dry climate) are the most common causes of
anterior epistaxis

* hypertension, aspirin (and other platelet-inhibiting medications),
and alcohol abuse account for the most common causes of refractory
epistaxis

* hypertension is a common cause of posterior epistaxis

* nasoseptal deformities may result in epistaxis secondary to the drying
effects of turbulent airflow

e think “KITTENS” for differential diagnosis (see Table 1-3)

Osler-Weber-Rendu Syndrome (Hereditary
Hemorrhagic Telangiectasia)

e Pathophysiology: autosomal dominant defect in contractile elements
(elastic and muscular layers) of vessels, results in telangiectasias and
arteriovenous malformations in multiple organs

e SSx: friable mucosa, numerous visceral and mucosal telangiectasias
(tongue, oral mucosa, colon, lung), intermittent epistaxis (typically
begins at or after puberty), intracranial hemorrhage (neurologic
symptoms), hematemesis, pulmonary arteriovenous malformations
(40% of cases)

e Rx: repeated endoscopic laser or cautery ablation of telangiectasias,
embolization, septoplasty or septodermoplasty (Saunder’s
dermoplasty; remove telangiectatic mucosa and replace with split-
thickness skin, amniotic, or myocutaneous graft), Young procedure
(nasal cavity closure); systematic therapies include tamoxifen,
estrogens, and anti-angiogenesis agents (eg, bevacizumab)

Acute Blecding Management

Initial Management

e patient should sit up with chin down to allow blood to be spit out
and not swallowed
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initial attempt to stop/slow bleeding by applying continuous digital
pressure to lower nose (superoposterior to alae) for several minutes as
a temporizing measure

apply vasoconstrictive (phenylephrine, oxymetazoline) and, if
necessary, topical anesthetic agents (lidocaine)

utilize adequate lighting (headlamp), nasal speculum, bayonet forceps,
nasal endoscope, Frazier and Yankauer suctions to attempt to localize
active bleeding site

examine oropharynx for clot and active posterior bleeding

correct hypovolemia if needed (3:1 rule: for every 100 mL of blood
loss, replace with 300 mL of crystalloid fluid)

vigilant hypertension control (antihypertensive agents)

address coagulopathy (fresh frozen plasma, platelets, cryoprecipitate)

Cauterization

includes chemical (silver nitrate, chromic acid pearls), thermal, or
electric cautery

laser cauterization may be considered for vascular malformations
operative endoscopic instrumentation may be used for posterior and
difficult to visualize bleeding

Indications: minor bleeding, observable bleeding point, easily
visualized regions (Kiesselbach’s plexus)

Advantages: simple, quick, minimal tissue damage, potential to avoid
packing

Disadvantages: allows for coagulation of superficial vessel only, higher
rate of rebleeding; risk of perichondrial exposure, septal perforation
(avoid cauterization of both sides of the septum at similar points),
cartilage injury

Topical Hemostatic Agents

various resorbable hemostatic materials include gelatin (Gelfoam),
oxidized cellulose (Surgicel), human-derived thrombin in gelatin
matrix (Floseal), fibrin glue (Tisseel), microfibrillar collagen (Avitene,
Davol)

provides a procoagulant effect

nasal saline spray for several days after placement to facilitate
resorption

Indications: mild observable bleeding point or irritated focal area
suspicious for recent bleed

Advantages: simple, quick, less damage than cautery, potential to
avoid packing

Disadvantages: may rebleed if no packing placed
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Anterior Nasal Packing

Nasal Tampons, Expandable Sponges, and Balloons: various
products that provide pressure against the nasal mucosa to tamponade
bleeding; includes polyvinyl alcohol sponges that expand after saline
instillation (eg, Merocel), inflatable balloon packs, and resorbable
packing (eg, Nasopore)

Vaseline Strip-Gauze: formal anterior packing placed to posterior
choanae

keep packing in place for 3—5 days to allow vessel to develop a mature
thrombus

provide antistaphylococcal antibiotics to prevent toxic shock
syndrome, rhinosinusitis, and otitis media

may supplement with topical hemostatic agents (see previous)
Indications: acute or recurrent epistaxis after conservative
management or cauterization

Advantages: controls most posterior bleeding; does not require
inpatient monitoring

Disadvantages: results in nasal obstruction; risk of pressure necrosis
(nasal and septal cartilage), hypoxia, rhinosinusitis, bacteremia, and
epiphora; requires prophylactic antibiotics

Posterior Nasal Packing

gauze, sponge pack, Foley catheter, pneumatic nasal catheter, or
tonsillar packing is placed to close off the choana to prevent escape of
bleeding into the nasopharynx

requires subsequent formal (strip-gauze) anterior pack for stability and
to convert the nasal cavity into a closed tamponaded space

Nasal Balloons: catheter with two balloons (one placed in the
nasopharynx and the other in the nasal cavity), designed for easier
placement of a posterior pack; provides less trauma and is simple to
adjust pressure

keep packing in place for 2—4 days, provide antistaphylococcal
antibiotics to prevent toxic shock syndrome

Indications: failed anterior packing, skull base trauma, hemorrhage
from a major branch of the sphenopalatine artery

Advantages: may be inserted for severe bleed in the emergency room
or office

Disadvantages: risk of airway compromise (requires hospital
monitoring, ICU if bilateral), requires patient cooperation (painful),
may require intubation or general anesthesia, eustachian tube
dysfunction (hearing loss), risk of alar necrosis where the anterior
aspect of the pack is secured, other risks similar to anterior nasal

packing
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Operative Vascular Ligation

* Indications: uncontrolled epistaxis (typically posterior bleed),
identifiable bleeding site, recalcitrant recurrent epistaxis
e Techniques

1. Endoscopic Sphenopalatine Artery Ligation: preferred
operative approach for intractable posterior epistaxis;
dissection of the posterior middle turbinate with ligation of the
sphenopalatine artery

2. Endoscopic Anterior and Posterior Ethmoid Artery
Ligation: preferred operative approach for intractable anterior
epistaxis; located at roof of ethmoid sinus

3. External Anterior and Posterior Ethmoidal Artery
Ligation: for anterior bleed; approach from a Lynch incision,
anterior ethmoid artery is located 14-18 mm posterior to
frontoethmoid suture line, posterior ethmoid artery is located 10
mm posterior to anterior ethmoid foramen, optic nerve is located
4-5 mm posterior to the posterior ethmoid foramen

4. Transantral Maxillary Artery Ligation: classic approach for
intractable posterior epistaxis (rarely used today); pterygopalatine
fossa contents exposed via a Caldwell-Luc (transoral) approach
allows ligation of the distal branches of the maxillary artery
(ascending pharyngeal, sphenopalatine, posterior nasal)

5. External Carotid Artery Ligation: severe, uncontrolled,
life-threatening bleeding, may not be effective due to extensive
anastomoses; ligate above the origin of the lingual artery

 Advantages: decreases pressure gradient in nasal vessels to allow for
natural clotting

* Disadvantages: periorbital ecchymosis; possible recurrence from
collateral circulation; risk of retrobulbar hematoma, hemorrhage,
optic nerve and infraorbital nerve injury; clip dislodging

Embolization

* Indications: intractable nasal hemorrhage (usually for posterior
origin), surgically inaccessible sites, nonoperative candidates

* typically embolize the distal maxillary or sphenopalatine artery

 Advantages: diagnostic (defines bleeding site) and therapeutic, may
be repeated, can be done under local anesthesia

* Disadvantages: risk of embolic event (pulmonary emboli, stroke),
requires active bleeding, facial pain, dependent on interventional
radiology availability
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Preventive and Chronic Management

Preventive and Chronic Medical Management

* Nasal Hygiene: moisture (gentle saline sprays, petroleum ointment,
emollients, humidity, to reduce crusting and bleeding), avoid digital
manipulation

antimicrobial ointment to excoriated lesions

* long-term control of hypertension (consider medicine consult)
avoid local trauma (digital manipulation, nose blowing, excess
straining)

* when using intranasal sprays, do not touch or aim at the septum

Preventive and Chronic Procedural Management

¢ Cauterization: consider if prominent vessels identified (see previous)

* Operative Vascular Ligation: for severe recurrent bleeds (see previous)

* Embolization: for severe recurrent bleeds (see previous)

e Septoplasty: reduces drying effect by decreasing turbulent airflow,
fibrosis results in decreased vascularity

¢ Saunder’s Dermoplasty: consider with Osler-Weber-Rendu
syndrome, removes diseased mucosa and replaces with STSG (see
previous)

ALLERGY AND RHINITIS
Allergic Rhinitis
The Allergic Response

Allergy Sensitization

e after initial antigen exposure antigen-presenting cells (macrophages,
HLA class IT) present processed peptides to helper T-cells (CD4+
cells) releasing interleukins (IL-4 and IL-13)

IL-4 and IL-13 favor B-cell differentiation into plasma cells with
specific immunoglobulin E (IgE) production

memory T cells allow quicker and stronger response to subsequent

stimulation with the same antigen (ie, sensitization)

Primary Reaction Phase

* type I immediate hypersensitivity (see Table 1-4)

* occurs within 5 minutes of allergen exposure with maximum effect at
15 minutes

e allergen recognition by IgE antibodies attaching to mast cells and
basophils (via the IgE Fc receptor)
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TABLE 1-4. Hypersensitivity Types

Type Mediators Reaction

I: Anaphylactic IgE

immediate, self-limiting

IgE mediated, stimulates mast
cells and basophils which release
histamine and other inflammatory
mediators

II:  Cytotoxic IgG, IgM IgG, IgM multivalent binding to

phagocyte or complement

eg, transfusion reactions,
Goodpasture’s syndrome, bullous

pemphigoid

III: Immune IgG, IgM, IgA antibody and complement
complex complexes cause increased blood
viscosity

removed by reticuloendothelial
system

eg, renal deposition, arthritis,
glomerulonephritis, serum sickness

IV: Cell-mediated  T-cells

delayed-type hypersensitivity
reaction (T-cell mediated)

eg, graft rejection, contact dermatitis

V: Interference Ig antibody “resembles” a ligand
with receptor and thus blocks or stimulates the
receptor

pathophysiology of autoimmunity
(eg, Hashimoto’s thyroiditis,
myasthenia gravis, Graves’ disease)

* degranulation occurs after cross-linking of the IgE (via a calcium
influx trigger) releasing preformed mediators (histamine, serotonin,
and proteases) and newly generated mediators (arachidonic
acidderivatives [leukotrienes, prostaglandins], TNF-o)

e the net effect of the preformed inflammatory mediators causes
sneezing, clear rhinorrhea, congestion, and nasal pruritus;
rechallenge with the same allergen stimulates mast cells more quickly
and requires less antigen load

Secondary (Late) Reaction Phase

* occurs 4-6 hours after acute phase; prior to the late phase there is an
asymptomatic phase in which inflammatory cells are being recruited
and endothelial cells are being activated
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¢ leukotrienes, cytokines (especially IL-5), and other mediators
stimulate smooth muscles of the airway, increase migration and
bone marrow proliferation of eosinophils, increase tissue edema, and
stimulate airway secretions

* migration and infiltration of inflammatory cells (neutrophils and
eosinophils) and continued activated basophils release a second phase
of mediators (mast cells do not remain active)

e late phase reactions cause increased and persistent congestion,
rhinorrhea, and sneezing

* eosinophilia is the hallmark of an allergic response

Allergy and Asthma

* one-third of allergic rhinitis patients have asthma

e asthma and allergic rhinitis have similar inflammatory process (mast
cells and eosinophils)

* nasal obstruction from allergic rhinitis results in less humidified and
cooler inhaled breaths, which may stimulate a reactive airway

¢ Nasal-Bronchial/Neural Reflex: nasal provocation (histamine)
increases lower airway resistance (Curr Opin Pulm Med. 1999;5(1):35)

Common Allergens

* Pollens: trees and grass (spring, summer), ragweed and tumbleweed
(fall)

e Animals: cats, dogs (allergens include skin, fur, feathers, saliva)

* Insects: dust mites (allergen is feces), cockroaches, Asian ladybugs
(central, Midwest, and southern United States)

* Molds: perennial, but worse in humid and damp weather

Diagnosis of Allergy
History

* Nasal SSx: sneezing, congestion, watery rhinorrhea, itching,
hyposmia

* Ocular SSx: redness, itching, epiphora, conjunctivitis, burning

* Otologic SSx: middle ear effusion, aural fullness (eustachian tube
dysfunction)

e Laryngeal SSx: scratchiness, dry, irritated, cough

* Oral SSx: palatal itching, hypogeusia

* Facial SSx: frontal or periorbital headaches

e Other SSx: food hypersensitivity, fatigue

 Timing: seasonal (more associated with irritative symptoms such
as sneezing and itching; pollen, see previous) versus perennial (more
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associated with nasal obstruction and rhinorrhea; dust, animals,
insects)

Associated Disorders: chronic rhinosinusitis (obstruction from
mucosal edema), nasal polyps, asthma, otitis media with effusion,
eczema

Physical Exam

Eyes: periorbital puffiness, darkening of skin under eyes (“allergic
shiners” from venous congestion), fine creases in eyelids (“Dennie’s
lines”), conjunctival injection

Ears: otitis media with effusion, tuning forks (conductive hearing loss)
Nose: clear rhinorrhea, congested gray/blue turbinates, nasal tip
transverse crease (“allergic salute” from chronic nose wiping), nasal
twitching (from itching), observe for septal deformity; spray topical
decongestant and examine for response (allergic obstruction should be
reversible)

Mouth: open-mouthed breathing (“adenoid facies”), secondary
malocclusion (controversial)

Pharynx: prominent pharyngeal lymphoid tissue (cobblestoning)
Lung: auscultate for wheezing

Adjunctive Testing

Nasal Endoscopy: evaluate for nasal polyps, ostiomeatal unit
obstruction, adenoid hyperplasia

Labs: total serum eosinophils and IgE (not always accurate or
cost-effective)

Nasal Smear: obtained from inferior turbinate mucosa, >25%
eosinophils suggests allergy (neutrophils suggest infection);
questionable utility

Nasal Allergen Challenge: increasing levels of antigen presented to
nasal mucosa, observe for response; rarely performed

Skin Allergy Testing

best test for allergic rhinitis (most convenient, least expensive
screening method)

avoid antihistamines 48—72 hours prior to testing (increases false
negatives)

Scratch Test: scratch skin followed by application of allergen

or scratch with allergen (epicutaneous, ie, into epidermis), not
standardized, largely replaced by more objective and reliable
techniques

Prick/Puncture Test: drop of allergen is placed onto the skin surface
(volar forearm or back) followed by insertion of a fine needle through
the droplet into the skin (epicutancous), positive “wheal-and-flare”
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reactions are compared to controls; rapid and safe test; risk of
anaphylaxis, misses less sensitive allergy, grading is subjective
Intradermal Test: similar to prick test except allergen is injected
intradermally (percutaneously, ie, into dermis) with 26-27G needle
creating a bleb; more sensitive than prick test; however, more time-
consuming and painful; greater risk of anaphylaxis (more antigen
introduced than with prick test), grading is subjective

Intradermal Dilutional Testing (Skin [Serial] Endpoint
Titration): series of increasing concentrations of specific allergen
are introduced intradermally to titrate to a positive response, useful
for determining antigen concentrations for immunotherapy, highly
sensitive and determines quantitative measurements, time-consuming
Example of Preparation of Antigen Dilutions: begin with 1:100
weight/volume, then dilute using 1 mL of concentrate with 4 mL of
diluent will yield #1 dilution = 1:500; #2 = 1:2,500; #3 = 1:12,500;
#4 = 1:62,500; #5 = 1:312,500; #6 = 1:1,562,500 (5-fold increases)
Determine Endpoint: endpoint is the concentration of antigen that
causes an increase in the size of the wheal followed by confirmatory

increase in wheal size

In Vitro Allergy Testing

Radioallergosorbent Test (RAST): react serum with a series of
known allergens, radiolabeled anti-IgE identifies specific antigen-IgE
complexes (older technique)

Enzyme-Linked Inmunosorbent Assay (ELISA): similar to

RAST except fluorescing agents are used for markers of antigen—IgE
complexes

Indications: equivocal skin test results; high risk of anaphylaxis
(severe asthma, prior history), skin disorders (eczema,
dermatographia), uncooperative patient (children and infants), failed
immunotherapy; negative skin test is not an indication for in vitro
allergy testing

Advantages: highly specific, no risk of anaphylaxis; no effect from
skin color, skin conditions or medications (-blockers, antihistamines,
tricyclics)

Disadvantages: less sensitive, requires up to 1-2 weeks for results,
more expensive, false-positives from antibody cross-reactivity

Management

Anaphylaxis

1. ABCs: establish airway (see pp. 630—632), breathing/oxygenation,
and IV access
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inject up to 0.3 mL of epinephrine intramuscularly (IM)
consider dopamine for hypotension

if needed repeat injection of up to 0.3 mL of epinephrine IM
add diphenhydramine (H, antagonist), dexamethasone (steroid)
4 mg, and cimetidine (H, antagonist)

if needed repeat injection of epinephrine IM

7, if patient is taking beta blocker, there is reduced efficacy of

AN N

o

epinephrine; consider giving glucagon to reverse this

Avoidance

Dust: dust mite-resistant mattress covers, foam pillows, plastic cases;
low carpet or hardwood floors; frequent dusting and vacuuming;
may apply benzyl benzoate to carpet to kill mites; consider synthetic
carpets

Molds: disinfect bathroom, clean furnace, reduce humidity
(dehumidify basement), clean refrigerator, avoid gardening, address
potential sources of molds indoors (plants, old shoes, curtains)
Pollens: air conditioning with filters, air cleaners, keep windows

closed, avoid cutting grass

Animals: keep out of bedroom, use special shampoos, or eliminate
altogether

high-efficiency particulate air (HEPA) filters (defined as removing
99.97% of particles 0.3 microns in diameter) may be used for all
airborne allergies

home humidity (48-52%) prevents nasal dryness

masks may be helpful in unavoidable allergy exposure

Symptomatic Relief

Nasal Saline Irrigation: removes nasal mucus and crusts, aids in
mucociliary clearance, thins tenacious mucus

Nasal Antihistamines (H;-Receptor Antagonists): generally not
very potent; Examples: azelastine (may be sedating if swallowed),
olopatadine

First Generation Oral Antihistamines (H,-Receptor Antagonists):
primarily for acute phase reactions, sneezing, itching, and rhinorrhea;
side effects include sedation (several are also nonprescription

sleeping pills), dryness, confusion, tolerance, and aggravation of
prostate enlargement; Examples: diphenhydramine (Benadryl),
chlorpheniramine, promethazine, hydroxyzine

Second Generation Oral Antihistamines (H,-Receptor Antagonists):
lipophobic (do not cross blood—brain barrier) therefore less sedating,
inhibit release of inflammatory mediators, several now available
without prescription; Examples: fexofenadine, loratadine, certirizine
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* Nasal Decongestants: O-adrenergic agonists, rapidly reduce nasal
congestion through vasoconstriction of the nasal erectile mucosa;
side effects include CNS stimulation (anxiety, anorexia); must limit
use to 3-5 days to prevent rebound congestion, tolerance, and
rhinitis medicamentosa (see p. 45); Examples: phenylephrine (Neo-
Synephrine), oxymetazoline (Afrin)

* Oral Decongestants: same mechanism as nasal decongestants;
reduced potency and more systemic adrenergic side effects compared
to nasal decongestants (insomnia, anxiety, tremulousness, irritability,
headache); however, avoid risk of rhinitis medicamentosa; many are
synthetic precursors of methamphetamine and have been restricted;
Examples: phenylephrine, pseudoephedrine (Sudafed)

¢ Nasal Corticosteroids: local reduction of inflammatory cells in nasal
mucosa, decreased capillary permeability, reduced edema; single most
effective maintenance therapy for allergic rhinitis; unlike nasal
decongestants, >1 week for maximal effect; use regularly for maximal
benefit; decrease both acute and late phase reactions; minimal side
effects (epistaxis, candidiasis, nasal dryness); oral corticosteroids used
only for more severe disease (see following); Examples: fluticasone,
beclomethasone, flunisolide

* Nasal Anticholinergics: specifically useful for rhinorrhea component
of rhinitis (also indicated for vasomotor rhinitis and viral rhinitis);
Example: ipratropium bromide

¢ Oral Antileukotrienes: competitive inhibitors of leukotriene
receptors found on smooth muscles throughout the airway, inhibit the
late phase reaction decreasing eosinophil infiltration, may consider for
combination therapy; Examples: montelukast, zafirlukast

* Nasal Mast Cell Stabilizers: stabilize mast cells, preventing release
of mediators in acute and late phase reactions; effective only for
prophylaxis (eg, known upcoming cat exposure); mild efficacy;
minimal side effects (sneezing, epistaxis, nasal irritation); Examples:
cromolyn, nedocromil

Management of Complicating Factors

* must evaluate and treat potential concurrent disorders that may
mimic allergy before changing treatment regimens

* such disorders include vasomotor rhinitis (see p. 46), rhinosinusitis
(see pp. 47-50), and rhinitis medicamentosa (see p. 45)

Corticosteroids

* most potent medication for symptomatic relief of severe persistent
allergic rhinitis
* may be given orally, as nasal spray, or via intraturbinal injections
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Mechanism of Action: decreases inflammatory migration, blocks

arachidonic acid metabolites, decreases vascular permeability

Side Effects of Oral Corticosteroids: increased gastric acid production
(consider prophylactic concurrent H, blocker), hypertension,

masks signs of infection, sodium retention, hypokalemia, posterior
subcapsular cataracts, CNS stimulation (psychosis, seizures,

insomnia), menstrual irregularities, aseptic necrosis of femoral head

Steroid Dose Equivalence: prednisone 5 mg = cortisone 25 mg =
hydrocortisone 20 mg = methylprednisolone 4 mg = dexamethasone

0.75 mg

Immunotherapy

desensitization technique using titrated exposure to specific allergens
to induce tolerance (ie, suppress immune response to allergens)
Indications: persistent symptoms, allergens that cannot be avoided
or otherwise easily treated, patients who wish to avoid chronic
medication, coexisting asthma

Advantages: suppresses allergy, potential long-term control
Disadvantages: patient must be reliable for chronic therapy, requires
identified and administrable allergens, risk of anaphylactic shock
Contraindications: pregnancy (anaphylaxis risk of hypoxia to fetus),
autoimmune disorders, immunocompromised patients, severe or
unstable asthma or cardiovascular disease, B-blockers (increases
sensitivity to allergens), noncompliant patients

Mechanism of Action: immunotherapy modulates T-cell response

to allergen, increases production of allergen-specific IgG (which
competes with or “blocks” allergen-specific IgE), and suppresses
production of allergen-specific IgE; increase in IgG correlates with
symptom relief

Subcutaneous Immunotherapy (SCIT): original method of
administering immunotherapy, long track record with proven efficacy
Sublingual Immunotherapy (SLIT): higher concentration of allergen
is administered sublingually; safer than SCIT (anaphylaxis exceedingly
rare), but local side effects possible (mucosal irritation or swelling)
Local Nasal Immunotherapy (LNIT): allergen administered
intranasally, effectiveness under investigation

Anti-IgE Monoclonal Antibody (Omalizumab): may be considered
if concurrent persistent asthma

Churg-Strauss Syndrome
(Allergic Granulomatosis Angiitis)

Pathophysiology: unknown etiology, small vessel necrotizing
vasculitis causes angiitis and allergic granulomatosis
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e Principal SSx: asthma, eosinophilia (>10%), allergic rhinosinusitis,
pulmonary infiltrates, vasculitis, mononeuritis or polyneuropathy

 Other SSx: nasal polyposis, nasal obstruction, septal lesions, lung
lesions, myocardial infarction (secondary to coronary arteritis),
sensorineural and conductive hearing loss, fever, weight loss

e Dx: presence of principal symptoms, nerve or muscle biopsy, serum
IgE and eosinophils, CXR, CT of paranasal sinuses

* Rx: corticosteroids, cytotoxic agents (cylophosphamide) reserved
for life-threatening conditions, possible role for ricuximab (B-cell
depleting antibody), symptomatic medications for nasal symptoms,
polypectomy or sinus surgery as needed

Nonallergic Rhinitis

Infectious Rhinitis

Viral Rhinitis (Coryza, Common Cold)

e Dathogenesis: spread via infected droplets
¢ Common Viral Pathogens: rhinovirus (most common, 30—-50% of
colds, >100 types), coronavirus (10-15% of colds), parainfluenza

virus, respiratory syncytial virus, adenovirus, enterovirus
* SSx and Stages

1. Dry Prodromal (Initial) Stage: nasal drying and irritation, low-
grade fever, chills, general malaise, anorexia

2. Catarrhal (Second) Stage: watery clear rhinorrhea, anosmia,
congestion, lacrimation, worsening of constitutional symptoms

3. Mucous Stage: thickened rhinorrhea (greenish and foul smelling
if secondarily infected), improved constitutional symptoms

may predispose to bacterial infection

« Dx: H&P

* Rx: “no cure for the common cold;” antibiotics should be given
for suspected bacterial infections only; symptomatic therapy
includes decongestants (topical [limit use to 35 days] and
systemic), antihistamines, ipratropium bromide spray, hydration,
humidification, nasal saline irrigations, analgesics, mucolytic agents

Bacterial Rhinitis

* typically secondarily infected viral rhinitis

* may be part of bacterial rhinosinusitis (see p. 47)

e Dathogens: Streptoccoccus, H. influenzae, S. aureus, B. pertussis,
chlamydia, diphtheria

 SSx and Stages: similar to previous; however, rhinorrhea may be
thickened, greenish, and foul smelling
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Dx: H&P, culture
Rx: antibiotics, symptomatic therapy similar to viral rhinitis

Rbhinoscleroma

Pathogen: Klebsiella rhinoscleromatis (Frisch’s bacillus)
Risks: endemic to eastern Europe, North Africa, South Asia, Latin
America
SSx: nasal obstruction (nasal polyps), rhinorrhea, anosmia, epistaxis,
nasal deformity; may also involve laryngeal, tracheal, and bronchial
airway
Stages (each may last years)
1. Catarrhal: persistent purulent rhinorrhea, nasal honeycomb-
color crusting, last weeks
2. Granulomatous: painless granulomatous masses in nose and
upper respiratory tract (including glottis and subglottis), nasal
obstruction, epistaxis, septal destruction, thickened soft palate
3. Fibrotic: lesions heal with extensive scarring (dense fibrotic
narrowing of nasal passage)
Dx: biopsy, culture, serum antibodies
Histopathology: Mikulicz cell (foamy histiocytes with intracellular
bacilli that they are unable to digest, “moth-eaten” cytoplasm),
Russell bodies (bloated plasma cells with birefringent inclusions),
pseudoepitheliomatous hyperplasia
Rx: long-term antibiotics dictated by culture and sensitivity
(tetracycline, ciprofloxacin), debridement, consider laser excision or
cryotherapy, bronchoscopy

Rhinosporidiosis

chronic granulomatous infection of the nose and external eye
Pathogen: Rhinosporidium seebri (sporangium with a thick-walled
cyst)

Risks: endemic to Africa, Pakistan, India, Sri Lanka, spread from
contaminated water (public bathing)

SSx: slow growing, painless, friable, “strawberry”-colored/textured
(vascular) polypoid nasal lesion (epistaxis, unilateral obstruction);
infection of the palpebral conjunctivae

Dx: culture and biopsy

Histopathology: pseudoepitheliomatous hyperplasia, submucosal
cysts, fungal sporangia with chitinous shells

Rx: surgical excision with cauterization of the base, oral antifungals,
corticosteroid injections, may consider dapsone

Rbhinocerebral Mucormycosis (see p. 51)
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Nonallergic Rhinitis with Eosinophilia
Syndrome (NARES)

nasal eosinophilia without allergy

associated with aspirin-exacerbated respiratory disease (AERD)
SSx: perennial rhinitis, sneezing attacks, watery rhinorrhea, nasal
congestion, and pruritus

Dx: allergic symptoms with negative allergic tests, eosinophils on
nasal smears (10—20%)

Rx: symptomatic relief similar to allergic rhinitis (nasal
corticosteroids, antihistamines, decongestants)

Hormonal Rhinitis

Rhinitis of Pregnancy: most common hormonal rhinitis, unclear
pathophysiology, may be multifactorial (cholinergic effects from
increased estrogen may contribute), estrogens may increase hyaluronic
acid in nasal mucosa; manifests near the end of the first trimester,
resolves after delivery

Other Causes: oral contraceptive, hypothyroidism, puberty

SSx: rhinitis, congestion without sneezing, pale-blue mucosa,
turbinate hypertrophy

Rx: refractory to many regimens, conservative management (nasal
saline irrigations, avoidance of allergens, may consider nasal steroids
although pregnancy class C), avoid decongestants (may place fetus at
risk), consider in-office turbinate reduction, consult obstetrician for
treatment

Rhinitis Sicca Anterior

Pathophysiology: dry, raw nasal mucosa secondary to a variety of
causes including changes in temperature and humidity, nose picking,
dust, and other irritants

SSx: dryness, nasal irritation, nasal crusting, epistaxis, septal
perforation

Dx: H&P

Rx: saline irrigation, topical antibiotics, oil-based nasal ointments

Atrophic Rhinitis (Empty Nose Syndrome, Ozena)

Pathophysiology: mucosal glands and sensory nerve fibers degenerate,
epithelium undergoes squamous metaplasia, destroyed mucociliary
transport
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Causes: excess nasal surgery (turbinectomy), suspected genetic
component (more common in East Asia, Egypt, Greece), endocrine
abnormalities, nutritional deficiencies (vitamin A or D, iron
deficiency), chronic bacterial infection (Klebsiella ozaenae), trauma,
and irritant exposure

SSx: paradoxical sensation of nasal obstruction, mucosal and
turbinate atrophy, wide nasal cavity, nasal crusting, offensive odor,
epistaxis, anosmia

Dx: anterior rhinoscopy, history

Complications: increased risk for secondary infection

Rx: moisture (saline irrigation, oil-based ointment impregnated
nasal tampons, humidity), debridement of crusts, vitamin A and D
and iron supplements, systemic or topical antibiotics (for secondary
infections); consider nasal vestibuloplasty, augmentation techniques,
or periodic nostril closure for failed medical therapy

Anhidrotic Ectodermal Dysplasia

Pathophysiology: X-linked genetic disorder resulting in abnormal
development of ectodermal structures (skin, hair, nails, teeth, sweat
glands), scant mucus production, and atrophic rhinitis; other types of
ectodermal dysplasias also exist

SSx: atrophy of inferior and middle turbinates, fevers, recurrent otitis
media, malodorous rhinorrhea, nasal crusting

Triad: anhidrosis, hypotrichosis, anodontia

Rx: pressure equalization tubes, saline irrigations, nasal hygiene,
denture appliances

Rhinitis Medicamentosa

Pathophysiology: semi-ischemic state secondary to any topical nasal
decongestants (eg, oxymetazoline), results in rebound vasodilatation,
increased parasympathetic tone leads to increased vascular
permeability and edema (also results in decreased ciliary activity)
may be irreversible if vagal tone becomes atonic

SSx: mucosal edema, nasal obstruction, dryness, irritation

Rx: discontinue topical decongestants, aggressive saline irrigation,
oral decongestants, nasal steroid spray; may consider nasal stents,
submucosal corticosteroids, or short-term oral corticosteroids (for
weaning); avoid by limiting topical decongestants to 3—5 days;
consider turbinate reduction procedures
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Vasomotor Rhinitis (Hyperreflexive Rhinopathy)

e changes in vascular tone and permeability of the nose and sinus
resulting in rhinitis, multiple triggers, more common in older adults

* Pathophysiology: rhinitis secondary to overactive parasympathetic
activity, exact mechanism unknown

e SSx: similar to allergic rhinitis; clear watery rhinorrhea, morning
thinorrhea, congestion, alternating sides, pale nasal mucosa

e Dx: diagnosis of exclusion, negative allergy workup

Triggers

 Environmental: humidity and temperature changes, dust, smoke,
pollution, spicy food

* Endocrine and Metabolic: pregnancy, oral contraceptives (estrogen
inhibits anticholinesterases), hypothyroidism
¢ Medications: antihypertensives, antipsychotics, cocaine

. Psychotropic: anxiety, stress, exercise

Management

* climinate irritants and address causal factors if possible
* Medical Management
1. anticholinergic nasal sprays (ipratropium bromide)
2. corticosteroid and antihistamine nasal sprays
3. hypertonic saline nasal sprays
4. consider short course of oral and topical decongestants
e Surgical Management: indicated for refractory cases (see following)

Vidian Neurectomy

¢ Anatomy of the Nerve of the Pterygoid Canal (Vidian Nerve):
formed from branches of the greater petrosal nerve and the deep

petrosal nerve (floor of the sphenoid sinus) — pterygopalatine fossa
— pterygopalatine ganglion (parasympathetic to nose, lacrimal gland,
and palate)

transecting the Vidian nerve results in decreased parasympathetic
activity to nose, lacrimal gland, and palate by transecting
preganglionic parasympathetic fibers

* may be performed endoscopically approaching through the

sphenopalatine foramen and advancing posterolaterally until the
funnel-shaped opening of the Vidian canal is visualized
postoperatively may use the Schirmer’s test to show decreased
lacrimation on the operated side
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PARANASAL SINUS DISEASE
Rhinosinusitis

Introduction

Pathophysiology

e often preceded by viral rhinitis/URI, which causes inflammation and
obstruction of sinus outflow tracts

* associated factors include dysfunction of cilia motility, changes in
quality of secretions, and formation of bacterial biofilms

* numerous anatomic, allergic, and immune factors may predispose to
rhinosinusitis

Pathogens
Acute

e Viral: rhinovirus (most common), parainfluenza virus, respiratory
syncytial virus, influenza virus, coronavirus

e Bacterial: S. pneumoniae (most common bacteria), H. influenzae,
M. catarrbalis, S. aureus, S. pyogenes

e Fulminant Fungal: Aspergillus, phacohyphomycosis, Mucor,
Rhizopus

Chronic

* Bacterial: anaerobes, S. aureus, H. influenzae
 Fungal: in 1-2%

Complicated Rhinosinusitis

e Cystic Fibrosis: P aeruginosa, S. aureus

* Nosocomial: R aeruginosa, Klebsiella, Enterobacter, Proteus

* Immunocompromised: similar to nonimmunocompromised
patients; however, also susceptible to Aspergillus, Rhizopus,
Fusarium, P aeruginosa, S. aureus

Evaluation

Symptoms and Physical Exam Findings

e Acute Rhinosinusitis SSx: facial pain and tenderness worse with

straining or bending over, pressure headache (frontal and occipital
headaches may arise from sphenoid sinusitis), nasal congestion,
postnasal drip, nasal obstruction, nasal discharge (mucopurulent,
serous, mucoid), cough, and halitosis (especially in pediatric patients)
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Chronic Rhinosinusitis SSx: more subtle symptoms of nasal

obstruction, fewer fever and pain complaints

Associated SSx: anosmia, loss of taste, allergic components (sneezing,
watery eyes), fever, malaise, lethargy, cough, eustachian tube
dysfunction, dental pain

Physical Exam: rhinoscopy/nasopharyngoscopy (ostiomeatal unit
edema, nasal masses and obstruction, purulence, adenoid hyperplasia),
decreased sinus transillumination (not reliable), frontal and maxillary
tenderness (acute rhinosinusitis), polyps and polypoidal degeneration
(chronic rhinosinusitis)

DDx of Facial Pain: rhinogenic versus migraines and other
headaches, dental disease, TMJ dysfunction, neuralgias, ocular disease,
pharyngitis, otologic disease, intracranial pathology, hypertension,
temporal arteritis

Evaluate for Causes and Risk Factors

Anatomic: deviated septum, mucosal edema (rhinitis, allergic),
adenoid hyperplasia, nasal masses, nasal foreign bodies, nasogastric
tubes, nasal packing, facial fractures, concha bullosa, lateral deviated
uncinate process, paradoxical middle turbinate, uncinate hypoplasia,
nasal polyposis

Ciliary Dysfunction: Kartagener’s syndrome (see following)
Immunologic: allergy, immunocompromise (HIV, diabetes,
malnutrition)

Local Causes: apical dental infection (isolated maxillary sinusitis),
trauma, barotrauma

Other: cystic fibrosis (see pp. 53, 556-557), smoking, granulomatous
disease, elderly, GERD

Imaging Studies

Plain Radiography

* Indications: screen for acute rhinosinusitis, largely replaced by CT

* evaluates presence of air—fluid levels, opacification, and bone
destruction

* low sensitivity and specificity for chronic rhinosinusitis

CT of Paranasal Sinuses

¢ Indications: severe acute rhinosinusitis, medical failure of chronic
rhinosinusitis, suspicious epistaxis, nasal or sinus tumors, nasal
polyps, CSF leak, trauma, preoperative evaluation
e Basic CT Evaluation Checklist
1. examine distribution of mucosal disease (mucosal thickening
[chronic], air—fluid levels [acute])
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2. inspect development of sinus (symmetry, aeration of sinus
cavities); examine nasal structures, airway, and access

3. evaluate for underlying causes of discase (ostiomeatal complex
patency, paradoxical turbinates, nasal septal defects, concha
bullosas)

4. examine for anatomic variations and landmarks (cribriform
plate, posterior ethmoidal height, thickness of skull base,
optic nerve, orbital dehiscence, carotid artery)

MRI of Paranasal Sinuses

* improved soft tissue detail, poor bone resolution

* Indications: complicated rhinosinusitis (intracranial and
intraorbital extension), evaluation of soft tissue masses
(neoplasms), fungal rhinosinusitis (hypodensity, low signal
on T2-weighted sequences from the presence of metallic
proteinaceous material, magnesium, iron, and calcium)

Ancillary Studies

sinus cultures (may be obtained with an endoscope) indicated for
failed medical management, complicated rhinosinusitis (sepsis,
orbital infection, intracranial extension), immunocompromised
patients

immunologic profile (qualitative immunoglobulins including IgG
subclasses) and ciliary biopsy (Kartagener’s syndrome) may be
considered for complicated cases

allergy testing

evaluation for cystic fibrosis

Management

Acute Rhinosinusitis (<4 weeks)

Antdibiotics: if suspect bacterial cause consider empirically treating
with first-line oral antibiotics with gram-positive and gram-negative
coverage (amoxicillin, amoxicillin/clavulanate, doxycycline or
fluoroquinolone for penicillin allergy) for 5-10 days; consider
changing antibiotics if no improvement after 2-3 days; if no
improvement after 1 week may consider sinus culture and sensitivity
Improve Nasal Clearance: regular nasal saline irrigations, oral and
topical decongestants (limit use to 3—5 days), mucolytic agents,
humidity

Symptomatic Medications: analgesics, antipyretics

Address Risk Factors: smoking cessation, septoplasty, remove
nasogastric tube, antireflux regimen, etc
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Acute Frontal Sinusitis

* treat more aggressively to avoid intracranial complications

* identified by frontal pain and tenderness and frontal sinus air—fluid
levels on imaging

e parenteral antibiotics, observation for intracranial involvement (select
patients may be followed with close follow-up on an outpatient basis)

* headache, confusion, and eyelid pain may suggest complicated frontal
sinusitis

* consider surgical management (trephination or other approaches, see
following) if no improvement after 2448 hours of aggressive medical
management

Chronic Rhinosinusitis (CRS, >12 weeks)

* subtypes include CRS with nasal polyps (CRSWNP) and without
polyps (CRSsNP)

Antibiotics: 3-6-week regimen with broad spectrum agents
(amoxicillin/clavulanate, cefuroxime, ciprofloxacin, clarithromycin,
cefpodoxime, cefprozil), doxycycline showed benefit in CRSWNP
(anti-inflammatory properties), also consider macrolides in CRSsNP
Corticosteroids: intranasal corticosteroid sprays, consider short course
(2—4 weeks) of oral steroids for CRSwNP

Improve Nasal Clearance: regular nasal saline irrigations, oral
decongestants, mucolytic agents

e allergy management (see previous)

Surgical Management
(see following for indications and techniques)

Pediatric Rhinosinusitis (sec pp. 555-557)

Complicated Rhinosinusitis

Fungal Rhinosinusitis

Fungus Ball (Mycetoma)

e Pathophysiology: noninvasive fungal infection (most commonly
Aspergillus), bacterial co-colonization common

* SSx: chronic or recurrent sinusitis of one sinus (typically maxillary
sinus), unilateral proptosis, facial hypesthesia

e Dx: CT/MRI of paranasal sinuses, biopsy with culture

e Aspergillosis Histology: septated 45 degrees, Y-shaped (Sabouraud’s
agar stain)
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Rx: adequate surgical removal (usually endoscopic), consider less
toxic adjuvant antifungal medications

Allergic Fungal Rhinosinusitis

Pathophysiology: fungal infection, such as Aspergillus or dematiaceous
molds (Alternaria, Bipolaris, Curvularia, Exophilia, Fusarium),
becomes the antigen for an allergic response, forming fungal debris,
nasal polyps, and chronic mucosal thickening

Risks: atopic disease, young asthmatics

SSx: chronic rhinosinusitis symptomatology with allergic component
(sneezing, watery eyes, periorbital edema, etc), nasal polyposis

Dx: allergic evaluation for molds/fungus (RAST, skin testing),
allergic mucin (nasal eosinophilia, Charcot-Leyden crystals,

most reliable indicator), tissue stains reveal fungal hyphae without
invasion, characteristic CT/MRI of paranasal sinuses; controversy
arises in regard to diagnosis, most consider acute fungal rhinosinusitis
as an immunologic rather than an infectious disorder

Rx: surgical debridement (increased risk of recurrence), topical and
oral steroids, nasal saline irrigation, consider adjuvant antifungal
medications or immunotherapy

Acute Invasive Fungal Sinusitis (Mucormycosis,
Rhinocerebral Phycomycosis)

Pathophysiology: pathogen rapidly invades soft tissue and bone; in
mucormycosis, pathogen invades vessel walls causing local vascular
occlusion, thrombosis, infarction, and tissue necrosis

Pathogens: Aspergillus (most common), saprophytics (Mucor,
Rhizopus, Absida)

Risks: almost exclusively in immunocompromised hosts (diabetic
ketoacidosis, chemotherapy, HIV, bone marrow or solid organ
transplant)

50% mortality with CNS or cavernous sinus involvement

SSx: fever, local symptoms (orbital swelling, facial pain, nasal
congestion), anesthetic regions; in mucormycosis may present with
necrotic black turbinates and soft palate, epistaxis, cranial nerve
involvement; progresses rapidly into obtundation and death

Dx: physical exam (nasal, oral cavity, cranial nerves), nasal endoscopy,
biopsy and culture, CT/MRI of paranasal sinuses (enhancement in
T2-weighted images from fungal elements)

Mucormycosis Histology: nonseptated, 90-degree broad-branching
hyphae

Rx: hospitalization with urgent surgical debridement and antifungals
(long-term amphotericin B), address underlying derangements

(correct ketoacidosis)
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Chronic Invasive Fungal Rhinosinusitis

® rare, occurs in immunocompetent patients

* subtype includes chronic granulomatous fungal rhinosinusitis (caused
by Aspergillus flavus)

e Pathophysiology: indolent invasion of soft tissue

e Dathogens: Aspergillus, saprophytics (Mucor, Rhizopus, Absidia)

e SSx: chronic rhinosinusitis with or without symptoms of local
invasion (blindness, cerebritis)

e Dx: same as acute invasive fungal sinusitis

e Rx: surgical debridement and long-term amphotericin B and/or
itraconazole (1 year)

Sinobronchial Syndrome

e association of chronic rhinosinusitis with asthma, bronchiectasis,
recurrent pneumonia, and chronic bronchitis

e Pathophysiology: controversial, may be from two separate
manifestations with same underlying entity versus postnasal drip with
bronchial seeding, which may result in bronchospasm

e SSx: chronic cough with normal lung auscultation, nasal
obstruction, rhinorrhea, irritability

e Dx: H&D, CT of the paranasal sinuses, must exclude other causes of
sinobronchial pathologies (ciliary dyskinesia, cystic fibrosis)

* Rx: similar management for chronic rhinosinusitis, consider
antibiotics for acute exacerbations

Rhinosinusitis in HIV

* 75% of untreated HIV patients develop rhinosinusitis

e Dathophysiology: increased risk of rhinosinusitis secondary to
impaired immunity, mucociliary dysfunction, and atopy

e Pathogens: for CD4 count >200, similar to
nonimmunocompromised patients; for <200, high incidence
of unusual and more virulent organisms (mucormycosis, CMV,
Pseudomonas, mycobacteria)

e Pneumocystis jirovecii (formerly carinii ) infection, which usually
occurs in the lungs, can also occur in the sinuses

* must also consider facial pain in AIDS patients secondary to Kaposi’s
sarcoma, lymphoma, or other tumor

Management

* CD4 count >200 managed similar to an immunocompetent patient
* may initially consider one course of empiric therapy (broad-spectrum
antibiotics)
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typical sinus regimen (saline irrigations, mucolytics, decongestants, etc)
aggressive early workup (CT/MRI of paranasal sinuses, nasal
endoscopy)

low threshold for sinus aspirate culture and sensitivity to avoid
empiric therapy

early surgical management

Cystic Fibrosis and Rhinosinusitis (see pp. 556-557)

Mucocele

Pathophysiology: obstructed sinus that undergoes expansile growth
from mucous secretion
frequency of sinus involvement is frontal > ethmoid > maxillary >
sphenoid
Types
1. Primary: arises de novo, mucous retention cyst (see following)
2. Secondary: due to surgery, trauma, tumor (or other nasal mass)
Causes: trauma, chronic rhinosinusitis, polyposis, sinus surgery,
allergy, osteoma, hyperaeration of ethmoid
SSx: nasal obstruction, dull headache that localizes to involved sinus,
periorbital swelling, ocular symptoms (proptosis, diplopia), may be
asymptomatic
Dx: CT of paranasal sinuses reveals expansion of sinus with
opacification, rounded process of a sinus cavity or air cell, bone
remodeling (thinned sinus walls)
Complications: bacterial infection (mucopyocele), rupture
(bacteremia), orbital and intracranial involvement, pituitary
abnormalities, cosmetic deformity
Rx: endoscopic sinus surgery, open procedures reserved for
inaccessible lesions or lateral lesions in the frontal sinus

Mucous Retention Cyst

Pathophysiology: serous or mucinous submucosal collection of fluid
secondary to blocked seromucinous ducts, may be infectious or
allergic in origin

SSx: typically asymptomatic, larger cysts may cause dental pain or
symptoms from sinus obstruction

Dx: CT of paranasal sinuses, sinus x-rays (10% incidental finding);
most commonly found on floor of maxillary sinus

DDx: dental radicular or follicular cysts

Rx: observation if asymptomatic or non-obstructing, otherwise may
consider surgical management
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Primary Ciliary Dyskinesia (Kartagener’s
Syndrome, Immotile Cilia Syndrome)

e Pathophysiology: genetic disorder resulting in deficient outer dynein
arm causing primary ciliary dyskinesis (abnormal ciliary motion),
results in impaired mucociliary clearance

* Kartagener’s Triad: chronic rhinosinusitis, bronchiectasis, situs
inversus (50% of patients)

 Other SSx: otitis media, male infertility (sperm dysmotility)

e Dx: ciliary biopsy with phase contrast or electron microscopy

* Management

1. aggressive antimicrobial therapy, mucolytics, bronchodilators,
and postural drainage for respiratory or sinonasal disease;
consider prophylactic antibiotics

2. endoscopic surgical management for persistent rhinosinusitis;
“standard functional” antrostomies do not work since there is
no normal mucociliary clearance; consider “gravity-dependent”
surgical inferior antrostomies for refractory sinus disease

3. pressure equalization tubes for chronic otitis media

Sinonasal Polyposis (see previous)

Complications of Rhinosinusitis

Orbital Complications

e Intraorbital Pathways: direct extension (especially through
thin lamina papyracea), hematologic spread (valveless veins,

thrombophlebitis), congenital dehiscence, trauma, direct lymphatics

* DPathogens: similar to rhinosinusitis

* Dx: CT/MRI of paranasal sinuses with contrast

¢ ophthalmology consultation for any orbital complication from
rhinosinusitis

e urgent surgical intervention should be considered for decreased visual
acuity, afferent pupillary defect, progressive involvement of symptoms
despite appropriate medical therapy, relapse, involvement of opposite
eye

* concurrent aggressive rhinosinusitis regimen (parenteral antibiotics,
decongestants, mucolytics, saline nasal irrigations) is indicated for any
complication of rhinosinusitis
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Chandler Classification of Orbital

Complications and Management

1. Periorbital (Preseptal) Cellulitis: infection confined anterior
to the orbital septum (primary barrier), presents with unilateral
eyelid edema, erythema, fever, and tenderness (no vision
changes, chemosis, proptosis, or restriction of ocular muscles);
Rx: antibiotics and concurrent aggressive rhinosinusitis regimen
(decongestants, mucolytics, saline nasal irrigations); may consider
oral antibiotics with mild symptoms and compliant patient

2. Orbital Cellulitis: infection posterior to the orbital septum
into the orbit proper; presents with proptosis, chemosis, may cause
vision changes, afferent pupillary defect, may limit extraocular
muscles; Rx: parenteral antibiotics, vision acuity checks, aggressive
rhinosinusitis regimen (see previous); consider endoscopic sinus
surgery if no improvement within 24 hours, worsening symptoms,
or worsening visual acuity

3. Subperiosteal Abscess: collection of pus between bone and
periosteum; presents with chemosis, may displace globe (proptosis),
restrict extraocular motion, and impair vision; Rx: urgent surgical
decompression (ethmoidectomy, orbital rim approach) with

postoperative parenteral antibiotics; for small abscesses may
consider trial of medical therapy if normal vision

4. Orbital Abscess: collection of pus in orbital soft tissue; presents
with proptosis, chemosis, restricted extraocular motion, visual
impairment; Rx: urgent surgical decompression with postoperative
parenteral antibiotics

5. Cavernous Sinus Thrombosis (see the following)

Cavernous Sinus and Venous Sinus Thrombophlebitis

e Dathophysiology: paranasal sinus infection — orbital extension
— mural thrombus forms in vessel wall (thrombophlebitis) —
propagates centrally as clot softens and begins to seed

* Pathogens: S. aureus (most common), hemolytic Streptococcus and
type III pneumococcus

e SSx: “picket fence” spiking fevers, toxemia, involvement of
contralateral eye, papilledema, paralysis of extraocular muscles (CN
III, IV, and VI), facial hypo/hyperesthesia (CN V, V,), proptosis,
chemosis, eyelid edema

* Dx: CT/MRI may show intraluminal enhancement, positive blood
cultures, lumbar puncture to evaluate for meningitis

e Complications: meningitis, septic metastasis (pulmonary, blood), death

* Rx: high-dose parenteral antibiotics that cross blood—brain barrier,
anticoagulation (controversial), bed rest, sinus surgery once patient is
stable (drain all involved sinuses, including sphenoid)
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Intracranial Complications

e Intracranial Pathways: congenital dehiscence, trauma, direct
extension (osteomyelitis), lymphatics, olfactory nerve sheath, venous
system, foramina of Breschet

o Pathogens: S. aureus, Streptococcus, S. epidermidis, anaerobes,

H. influenzae, E. coli, Pseudomonas, Proteus (abscesses are often

polymicrobial)

e Dx: CT/MRI of brain with contrast, lumbar puncture for cells and
culture (if imaging does not show mass effect that may cause risk of
herniation)

Meningitis

* most common intracranial complication from rhinosinusitis

* highest risk from sphenoid and ethmoid sinusitis

* Pneumococcus most common organism

* SSx: headache, lethargy, nuchal rigidity, fever, Kernig’s sign (with
hip in flexion, pain is elicited with leg extension), Brudzinski’s
sign (flexion at neck causes a reflexive flexion of the legs), seizures,
photophobia, neurologic sequelac common (seizures, SNHL)

* Rx: broad-spectrum parenteral antibiotics that cross blood—brain
barrier, sinus surgery if no clinical improvement, steroids and
anticonvulsants for cerebral edema

Epidural Abscess

* pus collection between skull and dura (biconvex disk on CT/MRI,
can cross midline)

* highest risk from frontal sinusitis (direct extension)

e SSx: headaches, low-grade to spiking fevers, malaise, mental status
changes (may be asymptomatic)

e Rx: high-dose parenteral antibiotics with intracerebral penetration,
neurosurgical consultation for drainage, sinus drainage (either
concurrently with neurosurgery or when patient stable)

Subdural Abscess

* pus collection between dura and arachnoid membrane (crescent-
shaped enhancement on CT/MRI, does not cross midline)

* highest risk from frontal sinusitis

* SSx: more neurologic sequelae than extradural infections (seizures,
delirium, hemiplegia, aphasia), mild increase in intracranial pressure
(ICP) depending on the size

* Rx: see above, Epidural Abscess

Brain Abscess

* highest risk from frontal sinusitis
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SSx: fever, headache, vomiting, lethargy, seizure, focal neurologic
symptoms
Stages
1. Encephalitis: (initial infection) fevers, headache, nuchal rigidity
2. Latency: (organization of abscess, liquefactive necrosis) minimal
symptoms, may last weeks
3. Expanding Abscess: intracranial hypertension, seizures, paralysis
4. Termination: rupture of abscess, often fatal
Rx: see above, Epidural Abscess

Other Complications

Osteomyelitis: diagnose initially with technetium bone scan
(osteoblastic activity) and gallium bone scan (inflammation); follow
with gallium scans; Rx: parenteral antibiotics, surgical debridement,
sinus surgery

Pott’s Puffy Tumor: osteomyelitis of frontal bone, usually with

subperiosteal abscess of the anterior table with overlying soft tissue
swelling caused by invasion through the diploic vein resulting in
thrombophlebitis; presents as “doughy” swelling of the forehead;
Rx: parenteral antibiotics, trephination, may require surgical
debridement with removal of infected bone

Superior Orbital Fissure Syndrome: fixed globe, dilated pupil
(CN1IL, 1V, V1), ptosis, hypoesthesia of upper eyelid (CN V));
Rx: urgent surgical decompression

Orbital Apex Syndrome: similar to superior orbital fissure syndrome
with added involvement of CN II (papilledema, vision changes)
Sinocutaneous Fistula: usually begins as a frontal osteomyelitis

SINUS SURGERY

Procedures

Functional Endoscopic Sinus Surgery (FESS)

Advantages: superior visualization, better precision, preserves
function (recognizes normal mucociliary flow pattern at the
ostiomeatal complex), completeness, no external scar

Disadvantages: monocular vision (difficulty with depth perception)
Typical Steps of FESS for Rhinosinusitis: visualize anatomy, medialize
middle turbinate, excise uncinate process, maxillary antrostomy,
anterior ethmoidectomy, posterior ethmoidectomy, sphenoidotomy,
frontal recess exploration (variation on sequence)
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e Variations of Technique: consider interoperative stereotactic
guidance systems, especially for severe polyposis and recurrent
disease; balloon catheterization techniques (sinuplasty) widens the

maxillary, frontal, or sphenoid sinus ostium without performing an
uncinectomy (may be performed in-office, controversial indications),
corticosteroid implants that release drug over time provide local
anti-inflammatory properties

* Dostoperative Care: consider resorbable or nonresorbable packing,
prophylactic oral antibiotics, aggressive nasal hygiene to prevent
adhesions (saline irrigations), oral or nasal steroids, follow-up
sinonasal debridements

Indications for Endonasal Surgery

e failed medical management for acute, recurrent-acute, or chronic
rhinosinusitis

e complicated rhinosinusitis

* fungal rhinosinusitis

* obstructive nasal polyposis

* sinus mucoceles

e removal of foreign bodies

* tumor excision (transsphenoidal hypophysectomy)

* orbital and optic nerve decompression (Graves” ophthalmopathy)

* dacryocystorhinostomy

e choanal atresia repair

e CSF leak repair

* epistaxis control

Ethmoid and Maxillary Open Sinus Procedures
Caldwell-Luc

e intraoral approach to anterior maxillary wall from canine fossa above
gum line, the diseased mucosa is removed from the maxillary sinus,
also allows for a middle meatal antrostomy, and ethmoidectomy
(transantral ethmoidectomy)

e Indications: sinus disease not accessible by endoscopic sinus surgery,
inspissated secretions, neo-ossification, cystic fibrosis, prior Caldwell-
Luc procedure

* Advantages: allows adequate exposure of inside of maxillary sinus,
access to orbital floor and pterygopalatine fossa, favorable intraoral
incision

¢ Disadvantages: nonfunctional, damages mucosa (decreased cilia count,
increased fibrosis and bone growth), risk of infraorbital nerve and
dental injury (hypoesthesia to teeth and lip), transantral ethmoidectomy
does not allow exposure anterior to the ethmoidal bulla
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External Ethmoidectomy

e starts with Lynch incision (curvilinear incision from inferior aspect of
medial brow to lateral nasal wall midway between medial canthus and
nasal dorsum)

requires ligation of angular and anterior ethmoid arteries, access
gained through lamina papyracea and lacrimal fossa

Indications: inability to obtain transnasal exposure, subperiosteal

abscess or orbital abscess

Advantages: can access ethmoid sinus in all cases

Disadvantages: poor visualization (especially anteriorly), poor
precision, excess mucosal injury, external scar, risk of eye injury, CSF
leak, orbital hemorrhage (from injury to anterior ethmoid artery)

Frontal Sinus Surgery
Endoscopic Techniques

* most common and preferred approach with modern techniques and
image-guided systems

* Advantages: no external scar or deformity

e Disadvantages: technically more difficult, risk of orbital and
intracranial complications

* Contraindicated: aplastic frontal sinus

Frontal Sinusotomy Types

* DrafI: anterior ethmoidectomy with exposure of frontal sinus
outflow tract inferior to natural ostium (preserves roof of the agger
nasi cell and superior-most suprabullar cell)

 Draflla: frontal sinusotomy with removal of agger nasi and
frontal recess cells, exposing frontal sinus ostium between lamina
papyracea and middle turbinate insertion

* DrafIIb: removal of head of the middle turbinate and widening
frontal sinus ostium from lamina papyracea to septum

 Draf Il (Modified Lothrop): removal of entire floor of frontal

sinus, intersinus septum, and anterosuperior nasal septum

Osteoplastic Flap with Frontal Sinus Obliteration

e Technique: bicoronal flap for exposure (also midline forehead and
brow incisions), “trapdoor” access to the frontal sinus via a periosteal
and bone flap (requires a template patterned from a Caldwell view
x-ray or CT), remove mucosa, obliterate cavity, and occlude frontal
recess (may use fat, muscle, or bone)

e Indications: chronic or recurrent rhinosinusitis, mucocele (pyocele),
frontal bone osteomyelitis, benign tumors, frontal sinus fractures,
orbital or intracranial complications
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Advantages: best view of entire frontal sinus and anterior skull base,
minimal deformity, direct approach, fail-safe method to eradicate
frontal sinus disease (permanent and complete removal of diseased
mucosa)

Disadvantages: technically more difficult, time-consuming, requires
hospitalization, risk of mucocele formation (typically years later) and
chronic pain

Contraindicated: aplastic frontal sinus

Other Open Techniques

Frontal Sinus Trephination: considered for acute purulent frontal
sinusitis, sinusitis refractory to conservative management, and
complications of frontal sinusitis; useful to relieve pain and obtain
cultures for acute frontal sinusitis; access from the medial eyebrow
and supraorbital rim

Lynch Procedure (Fronto-ethmoidectomy): removal of the frontal
sinus floor, middle turbinate, and anterior ethmoids through a

“gull wing” curvilinear incision above the lateral nasal bones; easiest
and quickest technique; risk of recurrent mucocele formation from
stenosis of frontal recess; uncommon with modern endoscopic
techniques

Riedel Method: consists of removal of the frontal sinus floor and
anterior wall (disfiguring), allows for complete obliteration

Killian Method: modification of the Riedel by preserving a bridge
at the supraorbital rim to reduce deformity, useful with “tall” frontal
sinuses, technically challenging

Approaches to the Sphenoid

Endoscopic Approaches

Indications: common for chronic rhinosinusitis, transsphenoidal
hypophysectomy (pituitary tumor), mucocele, CSF leak, biopsy, optic
nerve decompression

Advantages: no septal incisions, when approached lateral to superior
turbinectomy via natural os allows for natural mucociliary clearance,
transethmoid approach (lateral to superior turbinate) is more
common but risks injury to lateral sphenoid structures including optic
nerve and carotid artery

Disadvantages: compromised 3D exposure

Surgical Landmarks of the Sphenoid Ostium

e adjacent to posterior border of nasal septum
* 6-8 cm posterior to the anterior nasal spine
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* 30° angle from floor of nose
e typically 1.5 cm above the choanal floor and 8 mm inferior to
skull base

* superior to the superior turbinate posterior attachment

Sublabial Transseptal Approach

e Indications: transphenoidal hypophysectomy (tumors),
rhinosinusitis, and mucocele

* Advantages: wide midline exposure, no external scar

* Disadvantages: soft tissue trauma, sensory disturbances, difficult to
displace distal lateral nasal mucosa with speculum, oral contamination

Transcolumellar Transseptal Approach (External Rhinoplasty)

e Indications: transsphenoidal hypophysectomy (tumors),
rhinosinusitis, and mucocele

* Advantages: wide midline exposure, shorter access distance, no
manipulation of upper lip (shorter recovery time)

* Disadvantages: small external scar, disrupts medial crura (major tip
Support), narrower exposure

Complications of Sinus Surgery

Ocular and Orbital Complications

* Blindness: may be secondary to an indirect injury (retrobulbar
hematoma, see following) or direct injury to the optic nerve (superior
lateral aspect of sphenoid sinus or posterior lateral aspect of an
Onodi cell)

* Intraoperative Orbital Fat Penetration: from violation of the
lamina papyracea, increases risk of retrobulbar hematoma, occurs
more commonly on the right side (right-handed surgeon) because the
ethmoids may appear more lateral; Rx: recognize orbital fat (orbital
fat floats); avoid further trauma; may complete the FESS; avoid tight
nasal packing; observe for vision changes, proptosis, or restricted
ocular gaze

* Retrobulbar or Preseptal Emphysema: may occur from
microfracturing of lamina papyracea or lateral nasal wall; may
manifest postoperatively if patient blows nose, strains, or sneezes;
Rx: observation, typically resolves within a few days

* Diplopia: orbital muscle injury, most commonly from injury to the
medial rectus or superior oblique muscles

* Epiphora: injury to lacrimal duct system, common injury but
rarely manifests clinically, avoid operating anterior to the attachment
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of the uncinate; Rx: observation initially, if no resolution then
dacryocystorhinostomy

Retrobulbar Hematoma

permanent blindness can occur within 60-90 minutes if untreated
Pathophysiology: most commonly from retraction injury of the
anterior ethmoid artery which causes increased orbital pressure that
compresses the vascular supply to the optic nerve; also may occur
from venous injury near the lamina papyracea

* Prevention: maintain orientation and operate under direct vision,
examine CT for dehiscence, correct coagulopathies, keep eye
uncovered

e SSx: ecchymosis, proptosis, conjunctival changes (chemosis),
pupillary changes (afferent pupillary defect)

Management

* if noticed intraoperatively, control hemorrhage and terminate case
e ophthalmology consult

* mannitol (1-2 g/kg), consider high-dose steroids

* orbital massage and place ice pack

lateral canthotomy (see p. 651), medial external (Lynch)
procedure, or orbital decompression

Intracranial Complications

e CSF Leak: may occur anterior to the frontal recess, cribriform plate,
and posterior ethmoid sinus (fovea ethmoidalis or lateral lamella);
Rx: recognize leak (clear or swirling fluid), prepare site of leak, apply
various underlay or overlay graft(s) (cartilage, mucosa, fascia, muscle,
acellular dermis, or collagen matrices grafts), stabilize graft (dissolvable
hemostatic material), consider neurosurgical consult, consider lumbar
puncture, bed rest, avoid straining (see also p. 662), may also consider
pedicled nasoseptal flap

Intracranial Infections: meningitis, intracranial abscess
Intracranial Hemorrhage: uncommon

Major Hemorrhage

e Risks: coagulopathy, nasal polyposis, and extensive disease

* Anterior Ethmoid Artery: anterior superior region of the anterior
ethmoid; Rx: typically easily cauterized unless retracts into the orbit
(risk of retrobulbar hematoma)

* Posterior Ethmoid Artery: posterior ethmoid cells; Rx: more
difficult to cauterize, may need packing
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* Sphenopalatine Artery: injured during middle turbinectomy,
enlarging the maxillary ostia, or posterior ethmoidectomy;
Rx: cauterization or nasal packing

¢ Carotid Artery: immediately life-threatening, 20-25% have only a
thin wall between sphenoid sinus and carotid artery; Rx: immediate
packing, compression of carotid in the neck, neurosurgical
consultation, intraoperative angiography or ligation of artery

Synechia

* most common complication of endoscopic sinus surgery

* scarring most commonly occurs between middle turbinate and lateral
nasal wall

e Rx: lysis of adhesions (endoscopic approach), may consider spacers
(Telfa, Merocel, Gelfilm); prevent by minimizing trauma, reduce
concha bullosas and symptomatic polypoidal middle turbinates, and
good postoperative care (nasal hygiene, endoscopic debridements)

Other Complications

* residual disease

* aspiration of packing material

* toxic shock syndrome

* osteomyelitis

e paresthesia from injury to infraorbital, supraorbital, or supratrochlear
nerves

¢ embossment (frontal sinus obliteration)

* anosmia from injury to the olfactory epithelium

* facial edema (especially from Caldwell-Luc procedure)

* tooth numbness and pain (Caldwell-Luc)

IMMUNOLOGY

Introduction

Innate Versus Adaptive Immunity

Innate Immune System

e germline encoded

* barrier mechanisms including skin, mucus secretion, and mucociliary
clearance

¢ soluble proteins and bioactive molecules to combat pathogens
(complement proteins, defensins, lysozyme)
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e pattern recognition receptors (Toll-like [T-like] receptors, TLRs)
expressed by immune cells which recognize molecular patterns on
microbes

Adaptive Immune System

* based on recognition of specific antigen by receptors expressed on
lymphocytes

¢ cell-mediated (T-cell) and humoral (B-cell) components

* receptors formed by somatic rearrangement of germline encoded
elements

* occurs after the innate immune response (ie., secondary immune
response)

* basis for immunologic memory

Cell-Mediated Immunity

* Antigen-Presenting Cells: macrophages, dendritic cells, Langerhans
cells; phagocytose antigens then present a fragment of the antigen
to the surface via major histocompatibility complex (MHC) type II
receptor and secrete IL-1
* Helper T-cells: recognize the antigen-MHC II complex and are
activated by IL-1, resulting in secretion of IL-2 (IL-2 upregulates
other T-cells including killer T-cells, macrophages, and natural-killer
cells), CD4+
¢ Killer (Cytotoxic) T-Cells: recognize antigen-MHC I complex
presented by cells that have been altered by infection or malignancy,
induce apoptosis of such cells, CD8+
* Major Histocompatibility Complex (MHC): surface receptors for
antigen presentation
1. TypeI: found on all nucleated cells; encoded by gene complex
human leukocyte antigen (HLA) A, B, and C
2. TypeIl: found on antigen-presenting cells and B-cells; encoded
by HLA DR, DQ, and DP

Common Clusters of Differentiation (CD) Markers:

¢ CD2, CD3: all T-cells

e CD4: marker for helper T-cells, associated with MHC Type II
response, receptor for HIV

* CD8: killer T-cells, associated with MHC Type I response

¢ CD16, CD56: marker for natural killer cells

¢ CD19, CD20, CD22: B cell markers
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Humoral Immunity

* B-cells are produced in bone marrow, migrate to lymph nodes and
spleen, bare multiple receptors similar to the immunoglobulins they
secrete

* B-cells are positive for CD19, 20, and 22, and carry MHC class I on
their surface

e B-Cell Activation Types

1. T-Cell Dependent Activation: B-cell receptors internalize

antigen, fraction of antigen presents on surface via MHC type II
receptor, which recognizes helper T-cells, T-cell then stimulates
B-cell (via IL-2 and IL-4) to mature into plasma cells, which
secrete immunoglobulins

2. T-Cell Independent Activation: large antigens (carbohydrates
on bacterial cell walls) bridge immunoglobulins on B-cell surfaces
that activate the B-cell

Immunoglobulins

e glycoproteins produced by plasma cells that promote antigen
recognition, complement fixation, opsonization, and phagocytosis

* composed of two heavy chains (determines class: p, ¥, o, €, 8) and
two light chains (i and A); both heavy and light chains have a variable
and a constant region

e antigen binds to the variable portion of heavy and light chains

* Fab Fragment: antigen binding portion of the immunoglobulin

e Fc Fragment: crystallizable fragment portion of the immunoglobulin
that initiates other functions such as complement fixation

e kill bacterium by complement fixation via Clq (IgG and IgM) or
antibody-dependent cellular cytotoxicity (ADCC), which attaches Fc
to a cytotoxic cell

* Types

1. IgG (y): most abundant, 2° response phase, involved in
complement fixation and ADCC, may cross the placenta
(provides protection in the newborn), binds complement, divided
into four subclasses (G1—4)

2. IgA (00): predominantly found in external secretions, prevents
bacterial attachment to mucus membranes, associated with
dimeric “secretory piece” and a “J” chain

3. IgD (9): initial type of immunoglobulin secreted, trace amounts
in serum, unclear function

4. IgM (pn): predominant antibody in 1° response phase (declines
rapidly and replaced with IgG of same specificity), does not cross
the placenta, binds complement, pentamer arrangement
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5. IgE (€): major contributor in allergy (type I hypersensitivity), Fc
fragment binds to mast cells and basophils

Nonspecific Inmunity

¢ Natural Killer Cells: granular lymphocytes that participate in
killing tumor cells and virus-infected cells, do not depend on prior
immunization, activated by interferon, key component of antibody-
dependent cellular cytotoxicity (ADCC)

* Complement System: consists of numerous plasma proteins that
are activated sequentially and interact with each other, antibodies,
and cell membranes to mediate immune adherence, phagocytosis,
chemotaxis, and cytolysis; [gG and IgM fix complement

* Monocytes and Macrophages: produced in bone marrow, recognize
and ingest foreign and damaged material; a macrophage found within
tissue is sometimes called a histiocyte

¢ Polymorphonuclear Cells (PMNs, Neutrophils): granulocytes that
accumulate in acute infections and participate in phagocytosis

* Eosinophils: granulocyte, active in allergic response and parasitic
infections

* Basophils and Mast Cells: granulocytes that release histamine and
other substances released with exposure to an allergen, IgE bound to
cell surface

Cytokines

* immunomodulatory peptides produced by inflammatory cells that
participate in paracrine cellular modulation
e see Table 1-5 for listing of cytokines and their actions

Immunodeficiency

B-Cell Disorders

e SSx: recurrent upper respiratory (sinonasal, otitis media) and
pulmonary infections, conjunctivitis, dermatitis, malabsorption,
pyogenic bacterial infections

e Dx: quantitative immunoglobulins and subclasses, serum protein,
immunoclectrophoresis, in vitro-specific antibody responses

* Rx: antibiotics, IVIG (intravenous immunoglobulin)

e Common Variable Inmunodeficiency: most common (hence the
name) form of hypogammaglobulinemia, failure of B-cell maturation
and Ig production, usually acquired; associated with T-cell deficiencies
and other autoimmune disorders; manifests in early adulthood
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TABLE 1-5. Cytokines and Their Actions

Cytokines  Source Primary Action
IL-1 Mo, PMNSs, epithelial cells, Ly fever, local inflammation,
T-cell/M¢ activation
IL-2 activated T-cells, DCs, NK proliferation of T-cells, B-cells,
cells and NK cells
1L-3 CD4+ T-cells, mast cells, proliferation of early
cosinophils, M¢ hematopoietic cells
1L-4 TH2 cells, mast cells, TH2 skewing, activation
basophils, eosinophils of B-cells, recruitment of
basophils and eosinophils
IL-5 activated TH2 cells, mast cells,  eosinophil proliferation, IgA
cosinophils production
IL-6 T-cells, fibroblasts, endothelial T and B-cell proliferation,
cells acute phase reactants
TNF-0 & Lo, Md, endothelium, major inflammatory
keratinocytes mediator, cytotoxic, antiviral,
procoagulant activity
TGF-B Ld, M9, platelets anti-inflammatory, inhibits cell
growth (immunosuppressive)
IFN-o leukocytes antiviral, increases MHC class
I expression
IFN-B fibroblasts, epithelial cells similar to IFN-o
IFN-y T-cells, NK cells, M¢ M0 activation, increased MHC

expression, TH2 suppression,
antiviral/cytotoxic activity

e X-linked Agammaglobulinemia of Bruton: X-linked recessive
disorder characterized by defective Bruton’s tyrosine kinase, which
prevents pre-B cell maturation to B-cells (does not affect T-cells); does
not manifest until 6 months of age (after maternal IgG declines);

increased risk of leukemia and lymphoma; can survive into adulthood
¢ Selective IgA Deficiency: most common inherited B-cell

defect; selective IgA B-cells do not mature to plasma cells; often

asymptomatic; associated with allergies, transfusion anaphylaxis,

autoimmune disorders, and IgG subclass deficiency; keep IgA content

of blood products low (may cause anaphylaxis)

¢ Selective IgG Hypogammaglobulinemia: may affect one or more

subtype (G,-Gy)
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1. IgG;: rare, IgG, composes majority of total serum IgG

2. IgG,: most common hypogammaglobulinemia in children,
inability to mount an antibody response to polysaccharides
(encapsulated bacteria)

3. IgG;: most common hypogammaglobulinemia in adults,
reduced ability to generate an antibody response to viral
infections, M. catarrhalis, and S. pyogenes

4. IgG,: common, usually asymptomatic (unclear clinical
significance)

T-Cell Disorders

e SSx: increased viral, fungal, protozoal, and bacterial infections;
atrophic lymphoid tissue

Dx: total lymphocyte count, T-cell count, skin tests (candidal,
mumps controls, PPD), functional tests (proliferation to mitogens,
alloantigen helper/suppresser function)

DiGeorge Syndrome (Thymic Aplasia): disorder of third and
fourth branchial pouch development, thymic hypoplasia, also

associated with hypoplastic parathyroids (hypocalcemia, tetany),
aortic arch and facial abnormalities; 90% due to chromosome 22q11
deletion

¢ Chronic Mucocutaneous Candidiasis: T-cell dysfunction resulting
in skin and mucous membrane Candidal infections; onset usually in
childhood; Rx: antifungals

e HIV/AIDS: see following

Combined Band T-Cell Disorders

* Severe Combined Immunodeficiency (SCID): multiple genetic
forms resulting in lack of T and B-cell immunity, severe infections
(pneumonia, diarrhea, thrush), higher risk of malignancy, variant
associated with adenosine deaminase (ADA) deficiency (accumulation
of deoxyadenosine, toxic to lymphocytes); presents within first few
months of life; fatal if untreated; Rx: bone marrow transplant, gene
therapy is experimental

* Wiskott-Aldrich Syndrome: X-linked disorder of WASP gene
associated with IgM deficiency; triad of thrombocytopenia (bleeding),
eczema, and recurrent infections due to poor functional antibody
response to polysaccharides (otitis media, pneumonia, and pyogenic
organisms); associated autoimmune disease and increased risk of
malignancy; Rx: bone marrow transplant, splenectomy, IVIG,

antibiotic prophylaxis, gene therapy is experimental
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Ataxia-Telangiectasia: defect in DNA repair, IgA deficiency,
cerebellar ataxia, telangiectasias; mean survival is 25 years;
Rx: antibiotics, possibly IVIG

Human Immunodeficiency Virus (HIV) and
Acquired Immune Deficiency Syndrome (AIDS)

see Table 1-6

HIV infection transmitted via bodily fluids (blood, semen, saliva, etc.)
Pathophysiology: HIV is a retrovirus that binds to CD4 present on
T-helper cells, macrophages, and other immunologic cells — becomes
internalized — proviral DNA synthesized from reverse transcriptase
— proviral DNA integrates into host DNA; results in decreased
number of T-helper cells and impaired function of macrophages,
neutrophils, B-lymphocytes, and complement activation

also associated with abnormal immune regulation, atopy, autoimmune
disease

Acquired Immune Deficiency Syndrome (AIDS): occurs when

an HIV patient develops an AIDS-defining illness (esophageal or
tracheal candidiasis, CMV disease, Kaposi’s sarcoma, Preumocystis
pneumonia), or CD4 count <200 cells/pL, or CD4 percentage <14%
prior to effective antiretroviral therapy, the cause of death for most
AIDS patients was sepsis or disseminated neoplasms

Risks: multiple sex partners, unprotected intercourse, IV drug use,
racial/ethnic minority status, blood transfusions (extremely rare in
United States with current screening methods), health care workers
(rare); most common methods of acquisition vary widely depending
on region (male homosexual intercourse and IV drug use in the
United States, heterosexual intercourse in the developing world, IV
drug use in Eastern Europe)

HIV Dx: typically diagnosed first by screening with an enzyme-
linked immunosorbent assay (ELISA) to detect anti-HIV

antibodies then confirmed with Western blot (confirmation test),
immunofluorescence assays are less common and highly accurate,
CD4+ count, CD4+/CD8+ ratio

Rx: combination antiviral medications, prophylaxis against
opportunistic infections

Other Immunologic Disorders

Complement Disorders: associated with autoimmune diseases,
abnormal opsonization, and encapsulated organism infections



TABLE 1-6. Head and Neck Manifestations of HIV by Anatomic Locations

Oral and Pharynx

oral candidiasis

oral hairy leukoplakia

herpes stomatitis

thrombocytopenic purpura

recurrent aphthous ulcers

bone loss (bacillary angiomatosis)

gingivitis (acute necrotizing ulcerative gingivitis, necrotizing stomatitis)

Kaposi’s sarcoma, non-Hodgkin’s lymphoma, squamous cell carcinoma

Larynx
* epiglottitis
* Kaposi’s sarcoma, non-Hodgkin’s lymphoma

e laryngitis (Mycobacterium, fungal, cytomegalovirus, EBV, bacterial)

Neck

deep-space neck abscess

infectious lymphadenopathy (Mycobacterium, Pneumocystis, cytomegalovirus,
EBYV, Toxoplasmosis, cat-scratch disease, bacterial)

neoplastic lymphadenopathy (Hodgkin’s and non-Hodgkin’s lymphoma,

metastatic disease, thyroid tumors)

persistent generalized adenopathy

Salivary Glands
e lymphoepithelial cysts of the parotid gland
® parotitis

e salivary gland neoplasms

Otologic

acute and chronic otitis media, otitis externa, mastoiditis (invasive Aspergillosis,
Preumocystis, Mymbﬂﬁerium)

necrotizing otitis externa

sensorineural hearing loss (cryptococcal or mycobacterial meningitis,
otosyphilis, toxoplasmosis, autoimmune demyelination of the cochlear nerve,
cerebellopontine angle tumors)

tympanic membrane perforations

aural polyps

facial nerve paralysis (herpes zoster, cytomegalovirus, EBV, HIV, autoimmune
demyelination, necrotizing otitis externa, meningitis and encephalitis)

temporal bone neoplasms (Hodgkin’s and non-Hodgkin’s lymphoma, Kaposi’s
sarcoma)

Paranasal Sinus
e rhinosinusitis (Mucor, Aspergillosis, Pseudomonas)

* nasal tumors (Kaposi’s sarcoma, nasal lymphomas)

70
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¢ Chronic Granulomatous Disease: multiple genetic forms result
in dysfunction of NADPH oxidase and intracellular hydrogen
peroxide production — impaired intracellular killing of phagocytized
organisms, susceptible to catalase-positive bacteria and fungus (S.
aureus, Aspergillus, Candida, Serratia); Dx: neutrophil function tests;
Rx: antimicrobial prophylaxis, aggressive treatment of infections, bone
marrow transplant
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SALIVARY GLAND ANATOMY
AND PHYSIOLOGY

Anatomy
Parotid Gland Anatomy (see Figures 2—1 and 2-2)

* located between the ramus of the mandible and the external auditory
canal and mastoid tip, overlies the masseter muscle (anteriorly) and
sternocleidomastoid (SCM) muscle (posteriorly)

e facial nerve divides the parotid gland artificially into deep and
superficial lobes

e the superficial layer of the deep cervical fascia forms the parotid gland
fascia which incompletely surrounds the gland

* contains lymphoid tissue within the gland

¢ Histologic Cell Type: basophilic, serous cells

¢ Stylomandibular Ligament: formed by the fascial envelope between
the styloid process and the mandible; separates the parotid gland from
the submandibular gland

* Stenson’s Duct: passes over masseter, through buccinator muscle, and
opens opposite to the second upper molar; follows along plane from
external auditory canal to columella and buccal branch of CN VII

Venous Drainage

* superficial temporal vein + maxillary vein — retromandibular vein
e retromandibular vein — passes deep to the facial nerve — anterior
and posterior branches

Auriculotemporal
nerve

Parotid
gland

Sublingual

gland Submandibular

ganglion
Lingual
nerve Submandibular

gland

FIGURE 2-1. Positions of the major salivary glands and related nerves.
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Facial nerve
and branches

Parotid gland
(dissected)

FIGURE 2-2. Position of the facial nerve, as illus-
trated following a superficial parotidectomy. The resid-
ual parotid gland pictured above is the deep lobe.

* anterior retromandibular vein + facial vein — common facial vein —
internal jugular vein

* posterior retromandibular vein + posterior auricular vein (over SCM)
— external jugular vein

Submandibular Gland Anatomy

e within the submandibular triangle (inferior to mylohyoid muscle,
superior to the digastrics)

e superficial layer of the deep cervical fascia envelops the gland and
contains the marginal mandibular nerve

* hypoglossal nerve runs deep to the digastric tendon and medial to the
deep layer of the deep cervical fascia

e facial artery arises from the external carotid artery and courses medial
to the posterior digastric muscle, then hooks over the muscle to enter
the gland and exits into the facial notch of the inferior mandible

e lingual artery runs along the lateral aspect of the middle constrictors,
deep to the digastrics, and anteriorly and medially to the hyoglossus

¢ Histologic Cell Type: mixed cells (serous and mucinous)

* Wharton’s Duct: opens lateral to frenulum in the anterior portion of
the floor of mouth, behind the incisors

Minor Glands and Sublingual Gland Anatomy
¢ Sublingual Gland: located within the submucosal layer of the floor

of mouth
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* Minor Salivary Glands: several hundred glands within the
submucosal layer of the oral cavity, oropharynx, nasopharynx, and
hypopharynx

* Histologic Cell Type: mucinous

* Ducts of Rivinus: drain the sublingual gland at the sublingual fold
or plica of the floor of mouth

Histology (see Figure 2-3)

e Secretory Unit: Acini cells (contain abundant endoplasmic
reticulum, Golgi apparatus, and secretory granules; produce saliva) —
Intercalated duct — Striated duct (contain abundant mitochondria
for energy for water and electrolyte transport) — Excretory duct (“4ll
Important Saliva Exits”)

* myoepithelial cells surround acini and intercalated ducts

Physiology

Efferent Innervation of the Salivary Glands

Parasympathetic Innervation

* inferior salivatory nucleus (medulla) — glossopharyngeal nerve
(Jacobson’s nerve) — lesser (superficial) petrosal nerve — otic
ganglion — postganglionic parasympathetic fibers — carried by
auriculotemporal branch of CN V; — parotid gland

superior salivatory nucleus (pons) — nervus intermedius — chorda
tympani — carried on lingual nerve — submandibular ganglion

— postganglionic parasympathetic fibers — submandibular and
sublingual glands

Sympathetic Innervation

* superior thoracic nerves — superior cervical ganglion —
postganglionic fibers via arterial plexus — submandibular and
cutaneous vessels

Salivation

* 1-1.5 pints of saliva/day

e Composition: >99% water, salts (calcium phosphate, calcium
carbonate), organic compounds and enzymes (amylase, albumin,
lysozyme, immunoglobulin A, ptyalin initiates the first phase of starch
digestion, others)
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e Function of Saliva: antibacterial (contains “secretory piece” needed
for IgA, ABO isohemagglutinogens, perioxidases, and other
immunologic proteins), digestion (provides digestive enzymes and
buffers), lubrication and moisturization, dental protection (prevents
caries and promotes dental calcification), modulation of taste

Salivary Gland Dysfunction
Sialorrhea and Ptyalism (Drooling) (see p. 578)

Xerostomia

 Causes: central (rare), primary salivary disorders (Sjogren’s disease,
radiation sialadenosis), dehydration, medications (psychotropics,
general anesthesia, B-blockers, chemotherapy), mouth breathing from
nasal obstruction, stress, anxiety

e risk of dental caries, impaired taste, and malnutrition

e Rx: address underlying cause, artificial saliva, frequent small drinks,
pilocarpine, aggressive dental care

GENERAL SALIVARY
GLAND PATHOLOGY

Parotid Gland Masses

Evaluation of the Parotid Gland Mass
History and Physical Exam

e Character of Parotid Mass: onset and duration, rapid (inflammatory)

versus slow growing (neoplastic), diffuse versus discrete mass (tumor),
unilateral versus bilateral (sialadenosis, mumps), excessive alcohol
(hypertrophy), associated pain, association with food ingestion
(sialadenitis)

Contributing Factors: exposure to radiation or toxins (lead or mercury);

history of sarcoidosis, Sjogren’s disease, tuberculosis, gout, amyloidosis;

recent facial trauma, surgery, or dental work; immunization history
(specifically measles, mumps, rubella [MMR] vaccine)
Associated SSx: xerostomia, sialorrhea, weight loss, fever, trismus

Physical Exam: palpation (mobility, size, consistency), bimanual
intraoral palpation with duct inspection and saliva expression

(or purulence), tenderness (inflammatory process), facial nerve
function (malignancy), parapharyngeal space involvement (examine
intraorally), cervical lymphadenopathy
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Imaging and Ancillary Tests

* Fine Needle Aspirate (FNA): for discrete nodules of the parotid
gland, widely practiced although controversial (may not change

management); differentiates cysts, inflammatory processes,
lymphoma, and other neoplasms

e CT/MRI: if suspect a tumor or for preoperative evaluation (see
Table 2-1), ultrasound (U/S) differentiates cystic lesions

* Open Biopsy: incisional biopsy (enucleation) without identifying
facial nerve risks tumor seeding, recurrence, facial nerve injury, and
violation of tumor margins; superficial/total parotidectomy (with
facial nerve identification) typically required (see below)

¢ Technetium-99m Isotope Scan: rarely utilized, may differentiate
a Warthin’s tcumor and oncocytoma from other salivary gland
neoplasms

e Sialography: visualizes ductal anatomy; indicated for ductal calculi,
trauma, fistulas, Sjégren’s disease; contraindicated in acute infections

e Labs: may consider mumps titers, CBC, autoimmune and Sjogren’s

profile (SS-A, SS-B, ANA, ESR)

TABLE 2-1. Computed Tomography Versus Magnetic Resonance Imaging

of the Parotid Gland

Computed Tomography

Magnetic Resonance Imaging

better for bone imaging

less expensive

quicker image

less sensitive to patient motion

may differentiate deep tumors by
identifying a fat strip

identifies calcific stones

distinguishes cystic nature of
Warthin’s tumors

contrast allows differentiation of
vascular channels and abnormal
lymph nodes

better for soft tissue imaging
(distinguish parotid tumors from
parapharyngeal lesions, identifies
capsule)

multiplanar views
no radiation required

facial nerve or retcromandibular vessels
may be used to distinguish deep and
superficial lobes

cannot be used with pacemakers and
metallic implants (aneurysm clips,
non-MRI safe cochlear implants)

better determines involvement of
the facial nerve and parapharyngeal
masses

Note

T1 weighted: enhances fat, water
appears dark

T2 weighted: enhances water, fat
appears dark
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Salivary Gland Enlargement

Acute Sialadenitis

e Pathophysiology: salivary stasis or obstruction, retrograde migration
of bacteria

e Pathogen: S. aureus (most common), Streptococcus viridans, H.
influenzae, S. pyogenes, and E. coli; must also consider virus such as
HIV, mumps, coxsackie, influenza

e Risks: dehydration, postsurgical (GI procedures), radiation and
chemotherapy, Sjégren’s syndrome

* SSx: erythema and tenderness over gland, warmth, purulence at
ductal orifice, auricle may protrude (parotitis), trismus

e Dx: H&D, cultures (FNA not required)

e Complication: ductal fistula (cutaneous), abscess (toxemia), deep
neck space invasion (Ludwig’s angina)

* Rx: rehydration, warm compresses, antimicrobial therapy (may
require parenteral antibiotics for severe cases), sialagogues, salivary
gland massage, oral irrigations; if no resolution after 2—3 days then
consider CT or U/S to evaluate for abscess (may require I&D)

Salivary Calculi (Sialolithiasis)

* most common in submandibular gland (80-90%)

* Sialolithiasis: deposition of concretions within the ductal system of
the gland

e associated with gout (uric acid calculi) and smoking

e Pathophysiology: change in saliva viscosity, injury to epithelial ductal
system (ductal inflammation), salivary stagnation (dehydration) causes
calcium phosphate and calcium carbonate precipitation resulting in
obstruction

e SSx: recurrent pain, swelling, worse with meals (salivary colic)

e Dx: stone may be palpable, sialography (90% of submandibular
calculi are radiopaque, 90% of parotid calculi are radiolucent, may
be multiple), sialendocopy (see below), CT, U/S

* Complications: fistula, acute suppurative sialadenitis, ductal
stricture

Treatment

e Initial Therapy: gland massage, bimanual expression, hydration,
consider sialogogues, antibiotics if secondarily infected

e Sialendoscopy: consider for recurrent, acute, or chronic sialolithiasis
or diagnostic exploration for recurrent sialadenitis; stones <3 mm
(parotid) or <4 mm (submandibular) may be removed with wire
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basket; stones 5-10 mm may require laser fragmentation before
extraction; may also consider ductal balloon dilation

Transoral Excision: for megasialoliths (>1 cm), palpable, or
accessible intraglandular stones; make incision directly over stone

followed by removal; may consider sialendoscopic assistance
Gland Excision: for intraparenchymal stones not transorally
accessible or multiple intraparynchymal stones

Sialodochoplasty: reconstruct duct with or without stenting
(controversial)

Extracorporeal Lithotripsy: may be considered, risk of persistent
stones (controversial)

Mumps (see p. 579)

Uveoparotid Fever (Heerfordt’s Syndrome)

Pathophysiology: extrapulmonary form of sarcoidosis, nerve
dysfunction may occur secondary to local ischemia/infarct from
granulomatous infiltration

more common in women

SSx: self-limited uveitis, parotid enlargement, facial palsy (50%),
SNHL, malaise, fever

Dx: H&DP, evidence of sarcoidosis in salivary gland tissue

Rx: corticosteroids, ocular care (artificial tears, ocular ointment at
night, eye patch at night)

Kuttner’s Tumor (Chronic Sclerosing Sialadenitis)

Pathophysiology: may be autoimmune mediated

SSx: firm, enlargement of the submandibular gland (mistaken as a
malignancy), may be painful

Dx: biopsy (submandibular gland excision)

Histopathology: chronic inflammation with destruction of acinar
cells, sclerosis, “cirrhotic” changes

Rx: submandibular excision for diagnosis and treatment

Radiation Sialadenitis

often permanent if exposed to >40-50 Gy

SSx: xerostomia, hypogeusia, ageusia

Dx: history of radiation exposure, physical exam

Histopathology: interstitial fibrosis

Rx: symptomatic (pilocarpine drops, artificial saliva, frequent drinks),
dental care (fluoride rinses)
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Sjogren’s Syndrome (Myoepithelial Sialadenitis,
Benign Lymphoepithelial Lesion)

e Pathophysiology: systemic autoimmune lymphocytic infiltration of
exocrine glands causing destruction

* most common in middle-aged women

associated with non-Hodgkin’s lymphoma

* Types

1. Primary: exocrine gland involvement only

2. Secondary: associated with other connective tissue disorders
(most commonly rheumatoid arthritis)
* Other Sicca-like Causes: aging, medications (diuretics,
anticholienergics, antihistamines, antidepressants), dehydration,
hepatitis, other autoimmune disease

e SSx: keratoconjunctiva sicca (filamentary keratitis, sandy sensation
in eyes), xerostomia (dental caries, dry mucosa), intermittent
bilateral parotid swelling (atrophy at end stage of disease), fatigue,
arthritis, achlorhydria, Raynaud’s phenomenon, pancreatitis, myositis,
anemia, glomerulonephritis, hepatosplenomegaly

e Complications: chronic keratoconjunctivitis, corneal ulcers, dental
caries, candidal infections, dysphagia, and dysphonia

e Rx: artificial saliva, frequent small drinks, artificial tears, consider
pilocarpine drops and oral corticosteroids for severe acute
exacerbation

Diagnosis

e History (Must Have 2 of 3): keratoconjunctivitis sicca, xerostomia, or
other connective tissue disease

Biopsy: lip biopsy of minor salivary glands reveals lymphocytic
infiltration with glandular atrophy, may consider parotid biopsy if
high suspicion with negative lip biopsy

Serology: ANA, RE ESR, SS-A, and SS-B (antibodies specific for
primary Sjogren’s syndrome), decreased IgM (suggest higher risk of
progression to malignancy)

Sialography: globular, multiple contrast collections throughout gland
(“pine tree” appearance)

e Schirmer test: evaluates tear production (normal: 215 mm tearing
after 5 minutes)

Other Causes of Salivary Gland Chronic Inflammation

* Granulomatous Disease: tuberculosis, atypical mycobacteria,
actinomycosis (poor oral hygiene, dental caries), cat scratch fever,
sarcoidosis (see pp. 245-250); Rx: address underlying cause
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¢ Secondary Chronic Inflammation: secondary to acute sialadenitis;
Rx: sialagogues, antibiotics, warm compress, massage, gland excision

* NOTE: incisional biopsy should be avoided because of risk of fistula
formation (especially with mycobacterial infections)

Other Causes of Salivary Enlargement

* Mikulicz’s Syndrome: nonautoimmune, recurrent parotid gland
swelling due to nonspecific lymphocytic infiltration; common causes
include amyloidosis, tuberculosis, bulimia, lymphadenitis, lead
and mercury toxicity, chronic fatty infiltration from alcohol, and
hypovitaminosis; Rx: address underlying cause

e Sialadenosis: recurrent, nontender, noninflammatory, nonneoplastic
salivary gland swelling secondary to underlying nutritional,
endocrine, or metabolic pathology (cirrhosis, diabetes, malnutrition,
ovarian, thyroid, or pancreatic insufficiency) or medications
(hypertensive medications, catecholamines, iodine-containing
compounds); Rx: address underlying cause

Salivary Gland Cysts and Minor
Salivary Gland Lesions

Benign Lymphoepithelial Cysts

* high incidence with HIV

* may progress to pseudolymphoma

e SSx: multiple parotid cysts, asymptomatic, may be bilateral

« Dx: H&P, FNA

e Histopathology: lymphoreticular infiltrate, clusters of lymphoid
tissue (germinal centers), acinar atrophy, ductal metaplasia

* Rx: aspiration (more common, especially in HIV patients) or excision
(superficial parotidectomy, less common), antiviral therapy for
HIV may cause cyst regression, may also consider sclerosing agents
(doxycycline)

Mucous Retention Cyst, Mucocele, and Ranula

e Pathophysiology: obstruction of minor salivary glands (may be from
trauma)

* Mucous Retention Cyst: true cyst of the minor salivary glands (lined
with epithelial layer)

¢ Mucocele: not a true cyst, extravasation of mucus into soft tissue

* Ranula: mucocele of the floor of mouth, usually from the sublingual

gland
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Plunging Ranula: ranula that extends into the cervical tissues
(mylohyoid muscle), may present as a neck mass

SSx: cystic mass on floor of mouth, lip, buccal mucosa, or minor
salivary gland

Dx: H&D, excisional biopsy

Rx: excision or marsupialization

Necrotizing Sialometaplasia

Necrotizing Sialometaplasia: nonneoplastic, self-healing
(inflammatory) process of unknown etiology of the salivary glands
Pathophysiology: may be secondary to ischemia

SSx: asymptomatic mucosal ulceration or nodular lesion of the minor
salivary glands (hard palate most common)

Dx: excisional biopsy

Histopathology: lobular necrosis, ductal and acinar squamous
metaplasia, pseudoepitheliomatous hyperplasia may be present (may
be mistaken as a malignancy, eg, squamous cell carcinoma, or
mucoepidermoid carcinoma)

Rx: self-limiting

BENIGN SALIVARY GLAND TUMORS

Introduction

Risks: radiation (latency of 7-30 years); alcohol and smoking not
associated with most salivary neoplasms (except Warthin’s tumors)
Multicellular Theory: neoplastic cells originate from their
counterparts (eg, oncocytic tumors from striated duct, acinar tumors
from acinar cells)

Bicellular Theory: all neoplastic cells differentiate from basal cells
found in excretory and intercalated ducts

80% of parotid tumors are benign; 80% of salivary neoplasms are
located in the parotid

in general, the smaller the gland the more likely malignant

Pediatric Salivary Gland Tumors (see p. 615)
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Introduction

Pleomorphic Adenoma
(Benign Mixed Tumor)

benign heterogeneous tumor composed of variable epithelial and
myoepithelial components

most common salivary gland tumor (may also be found in the
respiratory tract and nasal cavity)

slightly more common in women

SSx: slow growing (over years), unilateral, painless, firm mass
(usually toward the tail of the parotid); rarely progresses to
dysphagia (pharyngeal extension), dyspnea, or hoarseness (laryngeal
involvement), or facial nerve palsy; deep lobe (10%) involvement may
present with intraoral swelling

Recurrent SSx: multilobular nodules, not discrete; may arise in scar,
subcutaneous tissue, deep lobe, or facial nerve sheath
Complications: rare malignant transformation (carcinoma
ex-pleomorphic adenoma and sarcoma) or “benign” metastasizing
(see p. 90)

Dx: clinical presentation, biopsy specimen, FNA

Rx: surgical resection (eg, superficial or total parotidectomy [see
below] or submandibular gland excision) with facial nerve preservation
and wide margin for pseudopod extensions to prevent recurrence
(>90% 10-year cure, approximately 30% recurrence rate for
enucleation alone), radioresistant

Histopathology

Cellular Components
1. Myoepithelial Component: spindle-shaped with
hyperchromatic nuclei, may be more than one cell layer thick
2. Epithelial Component: varied growth patterns (trabecular,
solid, cystic, papillary)
3. Stromal Component: product of myoepithelial cells (myxoid,
chondroid, fibroid, or osteoid components)

fibrous pseudocapsule (except minor glands)
micropseudopod extensions
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Warthin’s Tumor (Papillary
Cystadenoma Lymphomatosum)

Introduction

e Dathophysiology: entrapped lymphoid tissue (parotid is the last gland
embryologically to be encapsulated), ectopic ductal epithelium that
develops within intraparotid lymph nodes, or hypersensitivity disease
resulting in metaplasia of the duct

* second most common salivary gland tumor

¢ almost exclusively found in middle-aged to elderly men, smoking
association

e rarely presents outside parotid gland, most commonly found in
superficial parotid

* 10% bilateral (synchronous or metachronous), 10% multicentric

* rare malignant transformation

e SSx: slow growing, painless, cystic, compressible mass

e Dx: surgical biopsy (grossly multiple cystic mass with viscous fluid),
FNA (thick, turbid fluid), radiosialography (concentrates technetium-
99m due to the presence of high mitochondrial content of oncocytes)

* Rx: superficial or deep parotidectomy with facial nerve preservation
(see below)

Histopathology

* Biphasic Layers
1. Epithelial Component: lines papillary projections; double

lining of oncocytes; inner or luminal cells, nonciliated, tall
columnar nuclei at luminal aspect; outer or basal cells are round,
cuboidal with vesicular nuclei
2. Lymphoid Component: mature lymphocytes with germinal
centers
3. Mucous-Secreting Cells
* Oncocytic Cell: metaplasia (cytoplasmic alteration) of epithelial cells

Oncocytoma (Oxyphilic Adenoma)

e rare, benign tumor exclusively of oncocytic cells (1% of salivary gland
tumors)

* rare “malignant” low-grade tumor transformation

e rarely presents outside parotid gland (rare in submandibular gland)

* SSx: slow growing, painless mass
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e Dx: surgical biopsy, radiosialography (concentrates technetium-99m
due to the presence of high mitochondrial content of oncocytes),
FNA

* Histopathology: encapsulated with sheets of oncocytic cells (large,

distinctly bordered metaplastic epithelial cells with granular cytoplasm

from large number of mitochondria)
e Rx: superficial or deep parotidectomy with facial nerve preservation
(see below)

Monomorphic Adenoma

Introduction

* similar to pleomorphic except no mesenchymal stromal component,
predominantly an epithelial component or (rarely) the
myoepithelial component

* more common in the minor salivary glands (upper lip)

* 12% bilateral

e rare malignant potential

e Dx: surgical specimen

* Rx: surgical resection

Types

* Basal Cell Adenoma: predominately basaloid cells with different
subtypes (solid [most common], trabecular [ribbon-like pattern],
tubular, and membranous)

* Canalicular Adenoma: more common in the minor salivary glands
(upper lip), microscopically presents as single-layer columnar or
cuboidal cells forming duct-like structures with a fibrous stroma

* Myoepithelioma: predominately myoepithelial cells, presents with
three distinct patterns of growth (spindle cell [most common],
plasmacytoid, and combination of both)

¢ Clear Cell Adenoma: must evaluate for metastatic renal primary

* Membranous Adenoma

¢ Glycogen-Rich Adenoma

Hemangioma
* see also pp. 544547, 615

* benign tumor of endothelial origin
e usually discovered a few weeks after birth, enlarges for 6-12 months,
typically regresses by second year of life
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50% parotid hemangiomas are associated with cutaneous
hemangiomas

cutaneous hemangiomas may present anywhere in the head and neck,
also common in parotid, oral cavity (lip), and larynx

Complications of Head and Neck Hemangioma: cosmetic deformity,
ulceration, infection, bleeding, airway compromise (laryngeal),

thrombocytopenia, and high output cardiac failure (rare)

Capillary Hemangioma: more common; constant shape, enlarges
during childhood; lobulated dark red-blue mass overlying skin; rarely
involves facial nerve

Cavernous Hemangioma: may enlarge rapidly, less chance of
regression than capillary hemangioma (although 60% spontaneously
resolve by 4-6 years old)

Vascular Malformations: differ from hemangiomas in that they are
present at birth, enlarge proportionately with growth, rarely involute
spontaneously, and become more apparent; includes port wine stains,
arterial malformations, and venous malformations

Treatment: see pp. 545-549

SALIVARY GLAND MALIGNANCY

Introduction

SSx: typically presents as a solitary nodule, malignancy suggested by
facial nerve involvement, pain, trismus, fixation to soft tissue, and
cervical lymphadenopathy

Dx: preoperative FNA is often utilized to counsel patient of risk

of facial nerve involvement and malignancy, confirmation must be
determined by a superficial parotidectomy (incisional biopsies are
contraindicated due to the possibility of tumor seeding and violation
of tumor margins), intraoperative frozen sections may aid in decision
to perform an elective neck dissection

Poor Prognostic Indicators: submandibular gland involvement

(parotid gland more favorable), parapharyngeal space involvement,
high-grade tumors, larger size, facial nerve or skin involvement, pain,
recurrence, regional lymph nodes, distant metastasis (more common
in adenoid cystic and undifferentiated tumors)
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Malignant Salivary Gland Tumors

Mucoepidermoid Carcinoma

¢ Features: epidermoid and mucinous components with intermediate
cells, high and low-grade tumors

* most common salivary gland malignancy in children and adults
(adenoid cystic carcinoma is the most common in the submandibular
gland)

* most commonly found in the parotid

e commonly induced by radiation

* 30-70% overall regional metastatic potential

Types and Management

Low-Grade (Well-Differentiated)

* Histopathology: more mucinous cystic elements, aggregates
of mucoid cells with strands of epithelial cells, positive keratin
staining

e approximately 70% 5 year survival

e Rx: salivary gland excision (superficial or total parotidectomy
[deep lobe involvement], submandibular gland excision); neck
dissection for clinically positive nodes only

High-Grade (Poorly Differentiated)

* Histopathology: less mucinous elements, more solid nests of
cells, requires mucin staining to differentiate from squamous cell
carcinoma, positive keratin staining
aggressive (<50% 5 year survival)
* Rx: salivary gland excision (superficial or total parotidectomy
[deep lobe involvement], submandibular gland excision)
with elective neck dissection (selective supraomohyoid neck

dissection); neck dissection for clinically positive nodes; consider
adjuvant radiation therapy for advanced tumors, regional disease,
close or near surgical margins, or bone or neural involvement

Adenoid Cystic Carcinoma (Cylindroma)

e Features: high-grade tumor, aggressive, insidious growth (over several
years), perineural spread (facial paralysis), local recurrence and
distant metastasis (may present >5 years later)

* most common submandibular and minor gland malignancy

* SSx: solitary mass, however, tumor has a higher incidence of
presenting with pain or facial nerve paralysis
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Histopathology: low-grade associated with cribriform (nests of cells
with round spaces, “Swiss cheese” appearance) or cylindromatous
(tubular appearance) pattern, high-grade associated with more solid
pattern (dense cellular pattern with few spaces)

Prognosis: high-grade associated with poor prognosis (<20% 5 year
survival), low-grade up to 100% 5 year survival

Rx: radical surgical resection (facial nerve resection may be
considered), consider adjunctive radiation therapy (or neutron beam);
long-term follow-up required because of indolent course and possible
distant metastasis; elective neck dissection usually not indicated (rare
cervical node involvement)

Acinic Cell Carcinoma

Features: low-grade, better prognosis (63—87% 10 year survival)
second most common salivary gland cancer in pediatrics

3% bilateral

most commonly found in the parotid (serous acinar cells)
Histopathology: serous acinar cells or clear cytoplasm cells, several
configurations (microcystic, papillary, solid, follicular), lymphoid
infiltrate

Rx: surgical excision with wide margins, neck dissection for positive
nodes only; adjuvant radiation therapy may be considered for
advanced disease

Malignant Mixed Tumors

Features: high-grade, aggressive, explosive growth rate, poor
prognosis (<50% 5 year survival)

Rx: surgical excision with postoperative radiation therapy, may
consider elective neck dissection (supraomohyoid)

Bpes

Carcinoma Ex-Pleomorphic Adenoma: 2-3% malignant
transformation from pleomorphic adenomas, carcinoma components
only (arises from epithelial component)

Metastasizing Mixed Tumor: distinct from carcinoma
ex-pleomorphic, remains histologically benign

Carcinosarcoma: contains components of both carcinomas and
sarcomas

Noninvasive Carcinoma: carcinoma in situ within a pleomorphic
adenoma
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Other Salivary Gland Malignancy Types

Squamous Cell Carcinoma: high-grade, aggressive, often not the
primary (must evaluate for primary)

Lymphomas: rare as a primary site although may arise from
intraglandular lymphoid tissue (from embryonic development),
associated with Sjogren’s syndrome (see p. 82)

Adenocarcinoma: high-grade, aggressive, originates from terminal
tubules or intercalated ducts

Clear Cell Carcinoma (Glycogen-Rich Carcinoma): rare low-grade
tumors that occur most frequently in the minor salivary glands of the
palate or the parotid

Malignant Oncocytoma: similar to the benign form with distant
metastasis and local invasion

Epithelial-Myoepithelial Carcinoma: low-grade tumor, mostly in
parotid

Salivary Duct Carcinoma: high-grade, similar to ductal carcinoma
of the breast

Undifferentiated Carcinoma: highly aggressive, worst prognosis,
predominantly “small cell”

PAROTIDECTOMY

Superficial Parotidectomy

Indication: diagnostic and therapeutic excision of benign or
malignant tumors that involve the superficial lobe of the parotid only
typically preserves facial nerve

resects majority of parotid gland lateral to facial nerve (controversy on
amount of parotid required for removal)

Facial Nerve Markers

1. Tragal Pointer: the facial nerve may be located 1 cm anterior,
inferior, and deep from tragal cartilage

2. Tympanomastoid Suture Line: the facial nerve is 6-8 mm deep to
the inferior end of the tympanomastoid suture line

3. Digastric Attachment to Digastric Ridge: identifies the plane of
the facial nerve

4. Retrograde Dissection from Distal Branches: may be required in

select cases

e

Stylomastoid Foramen: may identify the main trunk
6. Mastoidectomy: for difficult cases (revisions), identify nerve from
the vertical segment
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Total Parotidectomy

Indications: high-grade malignancy or deep lobe or facial nerve
involvement

excision of facial nerve may be indicated for malignant tumors
(encasement or invasion of facial nerve)

Radical Parotidectomy: includes possible mandibulectomy,

petrosectomy, periglandular skin, or facial nerve, indicated for
aggressive malignant disease

Parotidectomy Complications

Facial Nerve Paresis/Paralysis: iatrogenic injury should be repaired
immediately (see p. 436)

Hypesthesia of Greater Auricular Nerve: usually resolves within 9
months if not deliberately transected

Salivary Fistula: uncommon, usually spontaneously resolves in

2-3 weeks; Rx: probe wound to release fluid (aspiration), pressure
dressing, surgical closure for prolonged drainage (may consider
tympanic neurectomy)

Other Complications: hematoma, infection, flap necrosis, trismus,
seroma, and recurrence

Frey’s Syndrome (Gustatory Sweating)

Pathophysiology: injury to the auriculotemporal nerve (sympathetic
fibers) results in aberrant innervation of cutaneous sweat glands
(which share the same neurotransmitter) by postganglionic
parasympathetic fibers
may occur up to 5 years postoperatively
less incidence with the use of “thick” skin flaps or placement of
dermal grafts or allograft under skin flap
SSx: sweating and reddening of skin during meals
Management
1. Medical Management: antiperspirant and anticholinergic
preparations (scopolamine, glycopyrrolate, diphemanil
methylsulfate), Botox injections
2. Surgical Management: tympanic neuronectomy (Jacobson’s
nerve section via tympanotomy approach, controversial) high
incidence of recurrence, interpose a sheet of fascia lata or dermis
between skin and parotid gland
3. Radiation Therapy: reserved for failed management with severe
symptoms
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LARYNGEAL ANATOMY
AND PHYSIOLOGY

Embryology (see p.558)

Anatomy

Overview (see Figure 7-3 on p. 298)

o Sites
1. Supraglottis: epiglottis, aryepiglottic (A-E) folds, arytenoids,
false vocal folds (vestibular or ventricular vocal folds)
2. Glottis: true vocal folds
3. Subglottis
* Vestibule: space between laryngeal inlet and false vocal folds
(vestibular folds)

* Ventricle: space between false and true vocal folds

Laryngeal Neuromuscular Anatomy (sec Figure 3-1)

e Extrinsic Depressors: TOSS: Thyrohyoid, Omohyoid, Sternohyoid,
Sternothyroid (strap [infrahyoid] muscles; C1-C3)

Extrinsic Elevators: geniohyoid (C1), digastric (CN V3, VII),
mylohyoid (CN V;), stylohyoid (suprahyoid muscles; CN VII)
Posterior Cricoarytenoid (PCA): only vocal fold ABductor (RLN)
* Lateral Cricoarytenoid (LCA): vocal fold ADductor (RLN)

¢ Thyroarytenoid (TA): increases vocal fold tension, vocal fold
ADductor, the medial aspect of the TA is called the vocalis (RLN)
Cricothyroid: ADductor, increases vocal fold tension and length,
chief pitch-changing muscle (external branch of SLN)

* Interarytenoid: only unpaired muscle, ADductor (RLN)

Laryngeal Cartilages
¢ Thyroid, Cricoid, Arytenoid: hyaline cartilage (hyaline is the most

common cartilage, found in most articular cartilage)

Epiglottis: fibroelastic cartilage (less strength, has elastin), attaches
to thyroid cartilage

Corniculate: fibroelastic cartilage, above arytenoid cartilage,
provides rigidity to A-E folds

Cuneiform: fibroelastic cartilage, within A-E folds, provides rigidity
Triticeous: sometimes found in thyrohyoid ligament, may be
mistaken on x-ray as a foreign body when calcified
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FIGURE 3-1. The intrinsic laryngeal muscles and their vector action:
(1) posterior cricoarytenoid; (2) interarytenoid; (3) vocalis (medial
aspect of thyroarytenoid); (4) thyroarytenoid; (5) lateral cricoaryte-
noid; (6) cricothyroid. Adapted with permission from Icon Learning
Systems, Netter Collection of Medical Illustrations, © 2005.

Laryngeal Joints

* Cricothyroid Joint: synovial, rocks (hinge)
¢ Cricoarytenoid Joint: synovial, rocks (anteromedially for vocal fold
ADduction and posterolaterally for vocal fold ABduction)

Vocal Fold Layers (sce Figure 3-2)

e Layers from Superficial to Deep
1. Squamous Epithelium: stratified, nonkeratinizing
2. Superficial Lamina Propria (SLP, Reinke’s Space): loose
fibrous matrix (few fibroblasts), gelatinous consistency permits
fluency of vocal fold vibration (mucosal wave)
3. Intermediate Lamina Propria: clastin (some fibroblasts)
4. Deep Lamina Propria: fibroblasts and collagen (dense)
5. Thyroarytenoid Muscle Complex: thyromuscular bundle
(thyroarytenoid muscle) and thyrovocalis bundle (vocalis muscle)
* Vocal Fold Cover: epithelium + superficial lamina propria
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Squamous epithelium

Vocal fold . )
cover Lamina propria
Superficial
L (Reinke's space)
Vocal B Intermediate
ligament Deep

Vocal fold | Thyroarytenoid
body muscle complex

FIGURE 3-2. Histologic layers of the true vocal fold.

* Vocal Ligament: intermediate + deep lamina propria (transition zone)

* Vocal Fold Body: thyroarytenoid muscle complex

e gelatinous SLP consistency allows for fluency of vibration of the
cover over the body during voicing (cover-body concept of vocal fold
vibration); this vibratory activity can be visualized with stroboscopy
and is referred to as the mucosal wave

Physiology

Zones of Laryngeal Airway Protection

1. Epiglottis and A-E Folds
2. False Vocal Folds
3. True Vocal Folds: most significant

Laryngeal Sensory Innervation

* Internal Branch of the SLN: innervates laryngeal mucosa superior to
the glottis

* RLN: innervates laryngeal mucosa inferior to the glottis

Negative Pressure Receptors: SLN, maintains patency of airway

during inspiration

¢ Airflow Receptors: cold receptors, stimulated from moving air

* Drive Receptors: proprioception

* Laryngospasm: exaggerated ADduction reflex caused by laryngeal
irritation (reflux, foreign bodies, extubation, mucus); may be driven
by the CNS, mediated by the SLN

¢ Cardiovascular Collapse: bradycardia and hypotension caused by
laryngeal irritation (intubation); uncertain mechanism
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Voice Production

* Requirements for Sound Production: source of energy (ie, airflow
from lungs) and source of vibration (ie, true vocal folds, neoglottis,
articulator constrictions)

* Myoelastic-Aerodynamic Theory: true vocal folds are ADducted
and tensed; subglottic pressure increases until level of pressure induces
vocal fold vibration, which opens the glottis from an inferior to
superior direction, and closes from an inferior to superior direction

* Bernoulli’s Effect: forced air across a constricted zone produces
negative pressure, allowing the true vocal folds to be “sucked” back

together

e normal vocal fold vibration occurs vertically from inferior to superior
(not readily seen with stroboscopy), and horizontally along the
superior surface of the vocal fold from medial to lateral (seen with
stroboscopy)

Components of Speech

* Phonation: production of voice; determined by vocal fold position,
expiratory force, vibratory capacity of vocal folds, vocal fold length
and tension

* Resonation: oral/nasal speech balance; determined by velopharyngeal
musculature valving and by structure of the chest, nasopharynx, nasal
cavity, and oral cavity

* Articulation: production of speech sounds; determined by actions of
the lips, tongue, and jaw musculature activity

* Respiration: production of source of energy (airflow dynamics)
for verbal speech; determined by inhalation/exhalation respiratory
muscular activity

* Prosody: production of syllable stress, emphasis, and inflection
patterns to provide affective speech tone; influenced by phonatory,
articulatory, and respiratory forces

Voice Parameters

e Pitch (Hz): perceptual term, related to frequency of vocal fold
vibration (also Hz); determined by the length, tension, and speed of
vibration of the vocal folds

* Fundamental Frequency: predominant pitch component of the

speaking voice, 128 Hz (“C” below middle “C” note) in males (long,

thick vocal folds) and 256 Hz (middle “C” note) in females (short,
thin vocal folds)

Loudness (dB): the intensity of the voice; determined by subglottic

pressure, glottal resistance, airflow rate, amplitude of vocal fold

vibration, and force of vocal contact
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* Quality (Timbre): determined by the synchronicity of vocal fold

vibration and glottal competence

THE HOARSE (DYSPHONIC) PATIENT

Evaluation

History

* Hoarseness (Dysphonia): altered vocal quality, pitch, loudness,
or vocal effort that impairs communication or reduces voice-related
quality of life; hoarseness is a symptom, dysphonia is a diagnosis
Character of Hoarseness: onset and duration, time course (acute

versus chronic), periodicity (morning hoarseness associated with LPR,
evening hoarseness associated with vocal abuse)
* Contributing Factors: recent URI, sore throat, cough, congestion,
vocal abuse, tobacco or alcohol, peripheral nerve or other neurologic
disorder, LPR, hypothyroidism, psychological stressors, recent
endotracheal intubation or laryngeal trauma, surgery involving the
neck or RLN, radiation treatment to the neck, occupation as a high
demand vocal user (singer, teacher) (AAO-HNS Clinical Practice
Guideline, “Hoarseness,” 2009.)
Medications That May Cause Hoarseness: warfarin, thrombolyrtics,
phosphodiesterase-5-inhibitors (vocal fold hematoma);
bisphosphonates (chemical laryngitis); ACE inhibitors (cough);

danocrine, testosterone (hormonal); antipsychotics (dystonia); inhaled
steroids (mucosa irritation, fungal laryngitis)
Associated Symptoms: odynophagia, dysphagia, aspiration, weight

loss, hearing loss, heartburn

think “KITTENS” for differential diagnosis (see Table 3-1)

Physical Exam and Laryngeal Visualization

e H&N Exam: neck mass, thyroid mass, complete neurologic exam
e Assess Perceptual Quality of Voice: see following
¢ Indirect Laryngoscopy: visualization of the larynx through means
other than a direct line of site (eg, mirrors and flexible scopes,
see following); assess vocal fold mucosa for general health (color,

edema, erythema, thickness, atrophy, etc.), presence of masses/
lesions, mechanical disturbances (immobility, hypomobility, tremor,
spasmodic or muscle-tension disorders), glottis competence

* Mirror Laryngoscopy: angled mirror placed in oropharynx
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Flexible Nasolaryngoscopy (Laryngoscopy, Nasopharyngoscopy,
Nasopharyngolaryngoscopy): traditional scopes carry image through
fiber optics; newer devices have a digital sensor on the tip of the
flexible component and send the image digitally to a video display,
which allows for higher resolution images

Stroboscopy (Videostroboscopy): performed through a flexible
nasolaryngoscope or transoral angled rigid scope; frequency of strobe
light is set near frequency of voice to produce a slow-motion effect for
assessing vocal fold mucosal wave abnormalities

High-Speed Laryngeal Video: captures thousands of frames (images)
per second, video then played in slow motion to examine mucosal
wave, newer and more expensive than stroboscopy

Laryngoscopy Indications: (1) hoarseness does not resolve after

3 months, or (2) serious underlying cause is suspected (eg, tobacco

or alcohol use, concomitant neck mass, trauma, hemoptysis,
dysphagia, odynophagia, otalgia, airway compromise, accompanying
neurologic symptoms, unexplained weight loss, worsening hoarseness,
immunocompromise, possible aspiration of foreign body, neonatal
hoarseness, after intubation or neck surgery) (AAO-HNS Clinical
Practice Guideline: “Hoarseness,” 2009)

for thyroidectomy patients, pre- and post-operative voice assessment
via (1) self-report using validated questionnaires (eg, Voice Handicap
Index), (2) auditory-perceptual assessment (eg, GRBAS, CAPE-V),
(3) audio recording of patient voice, (4) direct visualization/
assessment of vocal fold mobility (AAO-HNS Clinical Practice
Guideline: “Improving Voice Outcomes After Thyroid Surgery,” 2013)

Perceptual Voice Abnormalities

Abnormally High Fundamental Frequency: may be due to tension-
producing vocal fold mass, muscle tension phenomenon, protracted
pubescence

Abnormally Low Fundamental Frequency: consider load-producing
vocal fold mass (Reinke’s edema, growths) or hypothyroidism
(laryngeal myxedema)

Abnormally Loud Voice: may be secondary to sensorineural hearing
loss, hyperfunction (muscle tension dysphonia), excessive respiratory
efforts, or psychogenic disorder

Abnormally Soft Voice: may be secondary to conductive hearing
loss, reduced respiratory effort, glottic incompetence, vocal fold

mass, vocal fold immobility, vocal fold bowing defect, or psychogenic
disorder

Dysphonia: consider vocal fold mass, vocal fold immobility, vocal
fold bowing defect, muscle-tension abnormalities, vocal fold swelling,
or psychogenic
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Diplophonia: two simultaneous pitches, may be due to recruitment
of false vocal folds during phonation or the presence of an asymmetric
mass (eg, unilateral vocal fold polyp or cyst)

Harshness: strained or strangled; may be from upper motor neuron
dysarthria (spastic), adductor spasmodic dysphonia, psychogenic,
muscle-tension abnormalities, or a compensatory result from an
underlying vocal fold mass

Tremor: suggests organic vocal tremor (extrapyramidal system),
spasmodic dysphonia, or psychogenic

Breathiness: excessive airflow from a longer “open phase” or
incomplete ADduction; may be from a glottal chink (mass effect),
bowed deformity secondary to vocal fold immobility, presbylaryngis,

glottic lesions, muscle-tension dysfunction, abductor spasmodic
dysphonia, or a psychogenic disorder

Arrest of Phonation: sudden stops; consider spasmodic dysphonia,
load-bearing vocal fold mass, muscle-tension disorders, psychogenic
Aphonia: complete absence of phonated sound; often a functional
disorder (psychogenic), bilateral ADductor vocal fold immobility,
mass that results in an open glottis

Stridor: may be due to bilateral vocal fold immobility, obstructing
vocal fold mass, laryngospasm, paradoxical vocal fold motion disorder,
or psychogenic

Hypernasality: suggests velopharyngeal incompetence (flaccid or
spastic dysarthria, anatomic defects)

Hyponasality: may be secondary to adenoid or tonsillar hyperplasia,
sinonasal disease, nasal obstruction (septal deformities, nasal masses),
or nasopharyngeal mass

Ancillary Tests

Acoustic Analysis: measures of fundamental frequency, pitch period
fluctuations or jitter (normal = 0.4%), amplitude fluctuations or shimmer
(normal = 0.5 dB), and harmonic-to-noise ratio (normal = 11 dB)
Speech Aerodynamic Studies: measures of mean transglottal airflow
rate (normal = 100 mL/sec), glottal resistance (normal = 30-50 cm
H,O/lps), subglottal pressure (normal = 6-8 cm H,0)
Perceptual Testing: rating of voice features by an expert listener, uses
numeric scoring system
Perceptual Tests
1. GRBAS: individually rates Grade, Roughness, Breathiness,
Asthenia, and Strain (0 = normal to 3 = severe)
2. CAPE-V (Consensus Auditory-Perceptual Evaluation of
Voice): visual analog scale that individually rates overall severity,
roughness, breathiness, strain, pitch, and loudness
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* Laryngeal EMG: sec p. 121

* Glottography: measures light transillumination during vibration and
degree of vocal fold contact (eg, open quotient [duration vocal folds
are open over the length of the glottic cycle], speed quotient [duration
of glottal opening over glottal closure], and shift quotient [time of
peak opening over duration of glottal opening])

e CT/MRI: may reveal mass lesion in larynx or along course of
recurrent or superior laryngeal nerve

Treatment

e treat the underlying cause when discovered
¢ Guideline Statements for Treatment of Hoarseness (AAO-HNS
Clinical Practice Guideline: “Hoarseness,” 2009.)
1. recommend against prescribing antireflux meds without signs/
symptoms of acid reflux

2. option of providing antireflux meds for hoarseness with signs of
chronic laryngitis

bt

recommend against routinely prescribing oral corticosteroids
strongly recommend against routinely prescribing antibiotics
5. recommend laryngoscopy before prescribing voice therapy and

b

document/communicate results to speech pathology

6. strongly recommend voice therapy for reduced voice-related
QOL

7. recommend surgery for suspected laryngeal malignancy, benign
laryngeal soft tissue lesions, glottic insufficiency

8. option of education/counseling about control/preventive
measures

UPPER AIRWAY OBSTRUCTION

Evaluation of Stridor

Initial Management (ABCs)

¢ Evaluate Airway: quickly determine severity and stability of airway
(acute versus chronic, progression of stridor, dyspnea at rest versus
with exercise)

Establish Airway: see pp. 630-631 for complete protocol in
establishing an airway

* room air consists of 21% O, (FiO, = 0.21), 78% N,, 1% other
Administer Oxygen: masked ventilation may adequately improve
oxygenation until able to secure airway; after establishing a secure
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airway, ease of ventilation and maintenance of oxygenation should be
evaluated (see Table 3-2)

* Heliox: consider for short-term oxygenation for stable airway
obstructions; 80% helium, 20% O, (may increase O, concentration
to 40%); helium has a lower molecular weight (decreased density)
allowing passage past narrow obstruction

e consider humidification, corticosteroids, nebulized racemic
epinephrine, antibiotics

History and Physical Exam

* Character of Upper Airway Sounds: determine respiratory phase
of stridor versus stertor (see following), onset and duration, constant
versus intermittent

e Contributing Factors: recent URI, fever, cough, sore throat, allergy;

recent trauma, caustic ingestion, previous tracheotomy, intubations
or airway manipulations, surgeries; medications (medicine allergies,
ACE inhibitors); history of sarcoidosis, connective tissue disorders,
granulomatous diseases (GPA, TB), asthma, or cardiac or pulmonary
problems

* Associated Symptoms: dysphagia, drooling, hoarseness, airway
bleeding, weight loss, odynophagia, cough (barking cough), sleep
pattern (snoring, daytime somnolence), choking (LPR, foreign body),
feeding difficulties (regurgitation, worse with feeding)

e Flexible Nasolaryngoscopy/Mirror Exam: always have low threshold
to scope; assess airway patency, vocal fold mobility, supraglottis;

examine tracheal stoma if present (retroflex to access subglottis)

TABLE 3-2. Types of Oxygen-Delivery Masks

Oxygen Flow
Device (L/min) FiO,
Room air N/A 0.21
Low Flow
Nasal cannula 1-6 0.24-0.44
Simple face mask 5-10 0.30-0.60
Partial rebreather mask 8-12 0.40-0.70
Non-rebreather mask 1-15 0.60-0.80
High Flow

Venturi mask 4-12 0.24-0.50
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* Nasal Exam: nasal endoscopy, nasoseptal deformities, nasal masses,
nasal congestion, may attempt to pass #6 catheter through both nares
to assess patency

e Complete H&N PE: oral cavity (macroglossia, tonsillar hyperplasia
or infection), complete neurologic exam (cranial nerves), evaluate
for external compression (trachea midline, goiter, palpable laryngeal
fractures), cutaneous lesions (hemangiomas)

e cardiac and pulmonary H&P (wheezing, chest pain, retractions,
cyanosis)

o think “KITTENS” for differential diagnosis (see Table 3-3)

Description of Upper Airway Sound by Site of Obstruction

* Nasopharyngeal: stertor (snoring), no cough

* Oropharynx: gurgly

e Supraglottic: inspiratory stridor, throaty voice, feeding problems

* Glottic: inspiratory or biphasic stridor, hoarseness

* Subglottic: husky voice, biphasic stridor, barking cough

e Tracheobronchial: expiratory stridor, wheezing, suprasternal
retractions indicate obstruction above thoracic inlet

Endoscopy

Flexible Nasolaryngoscopy: see previous

Direct Laryngoscopy (DL): evaluation and instrumentation of the
glottis and supraglottis in the OR via a direct line of site (distinguishes
from indirect laryngoscopy, see p. 98); addition of optical rigid
telescopes (rigid endoscope, rod lens, Hopkins rod) allows magnified
view and assessment of subglottis and trachea; addition of microscope
allows 3D view and two-handed operating; suspension refers to
spatial fixation of the laryngoscope

* Bronchoscopy: flexible bronchoscopy allows identification
of severity and location of stenosis, rigid bronchoscopy allows
instrumentation and management of an emergency airway crisis

Ancillary Tests

e CXR and Neck X-rays: screening for laryngotracheal structural
defects, intrinsic lung and mediastinal disease

e CT/MRI Neck: evaluate location, extent, or compression of stenosis;
also evaluates destruction of local laryngeal structures

* Modified Barium Swallow (MBS, MBSS, Videofluoroscopic
Swallow Study, VFSS) and Esophagram: examine esophageal

pathology, LPR, aspiration, and vascular abnormalities
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Pulmonary Function Tests and Flow-Volume Loops: identify level
of obstruction and assess for intrinsic lung disease

Airway Fluoroscopy: dynamic evaluation of airway, assess vocal fold
motion

Arteriography: if vascular abnormalities are suspected

Labs: ABG, CBC, electrolytes

Tracheotomy

Introduction

see p. 561 for pediatric tracheotomy

Terminology

Tracheotomy: the incision (cut) in the trachea

Tracheostomy: the opening between the trachea and the external
world, derived from the Greek “stoma” (mouthlike opening); some
reserve this for a more permanent opening

these two above terms have been used interchangeably in the literature
Tracheostomy Tube: the tube placed through the tracheal opening
Trach: colloquial term for all the above related terms
Cricothyroidotomy: an incision in the cricothyroid membrane
(typically employed during an airway emergency)

Tracheotomy Indications

bypass upper airway obstruction (eg, sleep apnea, tumor)

prevent complications from prolonged intubation (eg, mucosal
ulceration, laryngeal stenosis, granulomas) and allow mechanical
ventilation long term

assist with tracheal-bronchial suctioning (pulmonary hygiene/toilet)
provide protection from gross aspiration

eliminate dead space (eg, to promote weaning from a ventilator, in
neuromuscular disorders)

Tracheotomy Complications

Intraoperative Complications: vessel injury (hemorrhage),
pneumothorax, pneumomediastinum, damage to the
tracheoesophageal common wall

Immediate Postoperative Complications: postoperative pulmonary
edema from release of pressure (Rx: positive pressure ventilation),
acute obstruction (mucus plug, blood clot), tracheostomy tube
displacement (airway loss can occur if tube not secured well),

infection
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* Long-Term Complications: tracheal/subglottic stenosis, granulation
tissue, tracheal-innominate artery fistula, tracheitis

Tracheotomy Management

¢ (based on AAO-HNS Clinical Consensus Statement: “Tracheostomy
Care,” 2012)

Tracheotomy Care and Emergencies

* Prevent Tube Dislodgement: especially for first several days, suture
tube to neck skin, tight tracheostomy tube ties (unless free flap)

* Tube Replacement: supplies to replace accidentally dislodged tube
placed at bedside (obturator, spare tube, suction, etc.); first planned
tube change is typically performed by surgeon after 3-5 days to allow
tract maturation

* Tube Dislodgement: replace urgently with same size or smaller
tracheotomy tube or endotracheal tube; may always consider oral
intubation for difficult cases

¢ Prevent Tube Plugging: humidity to reduce tracheal crusting
and mucus plugs, consider saline drops into tube every 3—4 hours,
regularly clean inner cannula

* Acute Tube Occlusion: most likely due to mucus plug, obstructing
granuloma, or tube in a false passage; remove inner cannula and
attempt suctioning

* Pulmonary Hygiene/Toilet: tracheotomy tubes disrupt ciliary
function, decrease subglottic pressure required for an adequate cough,
and increase risk of microaspiration; regular aseptic technique
tracheal suctioning

e Skin Care: consider dressings to prevent skin breakdown

* Patient/Caregiver Education: important pre- and postprocedure;
assess competency and arrange supplies on discharge (home care)

Cuffs, Caps, Feeding, and Speaking

* Cuff Pressure: maintain less than capillary pressure (<25 cm H,O)
to prevent pressure necrosis (subglottic stenosis, tracheal-innominate
artery erosion, tracheomalacia)

 Cuff Deflation: keep cuff inflated for at least 1 day postoperatively
to reduce aspiration in event of bleeding, deflate when no longer
mechanically ventilated or aspirating, suction just prior to deflation

* Tube Capping: placement of an occlusive cap prevents air flow
through the tube and requires breathing around tube through mouth/
nose, never cap with inflated cuff (no airway); patient must know
how to self-remove cap
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Feeding and Speaking: feeding (especially solids) difficult while cuff
inflated, capping tube (with cap or finger) or speaking valve facilitates
speech and swallowing

Speaking/Swallowing Valve: one-way valves (eg, Passy-Muir) allow
airflow through trach tube during inspiration only; during expiration
valve closes and air flows through vocal folds; never use with inflated

cuff

Decannulation

tracheostomy tubes should be decannulated as soon as possible
(especially in children) to prevent tracheal ulceration, subglottic
stenosis, tracheomalacia

prior to decannulation patient should undergo tracheostomy tube
downsizing and a trial of capping (24 hours for 3—4 consecutive days
without respiratory difficulties)

original indication for tracheotomy must be resolved

consider flexible nasolaryngoscopy (evaluate patency proximal to
the tracheotomy) and tracheoscopy (evaluate trachea to carina and
evaluate subglottis via retroflexion)

place airtight dressing to seal stoma after removal of tracheotomy
tube; remind patient to apply pressure when talking/coughing

Percutaneous Dilational Tracheotomy (PDT)

alternative technique to conventional open tracheotomy for intubated
ICU patients

Steps: small skin incision over anterior trachea, dissect down to
tracheal wall, under bronchoscopic guidance insert needle into
tracheal lumen, through needle cannulate trachea with flexible

wire; using Seldinger technique pass serial dilators over wire, place
tracheostomy tube

Indications: easily palpable anterior neck anatomy, intubated patient,
ability to extend neck

Contraindications: difficult or emergent airway, inability to palpate
cricoid cartilage and trachea, obesity, nonintubated patient, children,
inability to extend neck, spine disease, neck immobilization, neck
mass, recent neck surgery, neck soft tissue infection, superior vena
cava syndrome, uncorrectable coagulopathy, hemodynamic instability,
high peak airway pressure (>20 cm H,0)
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Acute Viral Laryngitis

BENIGN LARYNGEAL PATHOLOGY

Congenital Laryngeal Defects (see pp. 563-569)

Laryngitis

Pathogens: rhinovirus (most common), parainfluenza, respiratory
syncytial virus, adenovirus, influenza virus, pertussis

SSx: dysphonia, low-grade fever, hoarseness, cough, rhinitis, postnasal
drip

Dx: H&P

Rx: conservative management (hydration, antipyretics, voice rest,
decongestants, humidification, smoking cessation), antibiotics not
indicated unless suspect secondary bacterial infection

Pediatric Epiglottitis (sce pp. 572-573)

Adult Supraglottitis (Adult Epiglottitis)

Pathophysiology: typically secondary to purulent rhinosinusitis or

tracheobronchitis

Common Pathogens: H. influenzae (common pediatric disease),

S. pneumoniae, S. aureus, $-hemolytic Streptococcus

SSx: fever, muffled voice, dysphagia, stridor (inspiratory), obstructive

symptoms may progress within hours

Dx: lateral neck x-ray, mirror laryngoscopy, or flexible

nasolaryngoscopy

Rx
1. evaluate airway; severe and progressive symptoms may require

intubation over a flexible scope versus an urgent surgical airway

2. humidification, hydration, corticosteroids, antireflux medications
3. parenteral antibiotics

Laryngotracheobronchitis (Croup) (see pp. 571-572)

Bacterial Tracheitis (Membranous
Laryngotracheobronchitis, MLTB) (see p. 572)

Diphtheria (see p. 572)
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Laryngopharyngeal Reflux (LPR)

* see also pp. 196-198

e Pathophysiology: inflammatory response of laryngeal mucosa from
laryngopharyngeal acid reflux and (less commonly) nonacid reflux

* SSx: hoarseness (worse in morning), choking spells at night,
regurgitation, bitter taste in mouth, globus sensation, cough, chronic
throat clearing, postprandial heartburn (seen <50% of the time in
LPR)

e Laryngeal Findings: erythema and edema of the posterior
commissure, arytenoids, superior surface of the vocal folds, and
laryngeal surface of the epiglottis; diffuse supraglottic edema;

laryngeal pachydermia (interarytenoid); granulomas of the vocal
process
e for diagnosis and management see pp. 197-198
validated clinical tools include the Reflux Symptom Index (RSI), a
self-administered symptom questionnaire, and the Reflux Finding

Score (RFS) based on laryngoscopy findings (see Table 3—4)

Chronic Laryngitis

* Common Etiologies: smoking, pollution, vocal abuse, sinusitis,
rhinitis, LPR

* SSx: hoarseness, pain, edema, dysphagia, respiratory compromise

e Dx: flexible nasolaryngoscopy (thick erythematous vocal folds),
stroboscopy, direct laryngoscopy with biopsy to rule out malignancy

e Rx: address etiology (stop smoking, voice rehabilitation, treat
rhinosinusitis, reflux regimen), humidification, mucolytics, consider
short course of corticosteroids

Tuberculous Laryngitis

e see also pp. 248-249

* typically secondary to pulmonary TB

* Histopathology: cellular inflammation, granuloma in subepithelium,
perichondritis

granulation and ulcerative tissue in posterior glottis (posterior
interarytenoids most common, laryngeal surface of epiglottis, vocal
folds)

* Rx: isoniazid, rifampin, voice rest, opioids for pain

Syphilitic Laryngitis

* see also pp. 247-248

* rare manifestation of oropharyngeal syphilis

e Secondary Stage SSx: temporary mild edema, painless
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TABLE 3—4. Validated Clinical Tools for Assessing Laryngopharyngeal

Reflux (LPR)

Reflux Symptom Index (RSI) (Belafsky et al., J Voice, 2002)

O 00 N O\ R W N =

9-item self-administered questionnaire regarding sympzoms in past month
Each item graded from 0 = no problem to 5 = severe problem

Score ranges from 0 to 45; >13 is abnormal

. Hoarseness or problem with your voice
. Clearing your throat

. Excess throat mucus or postnasal drip

. Difficulty swallowing food, liquids, or pills

. Coughing after eating or lying down

. Breathing difficulties or choking episodes

. Troublesome or annoying cough

. Sensations of something sticking in your throat or a lump in your throat

. Heartburn, chest pain, indigestion, or stomach acid coming up

Reflux Finding Score (RFS) (Belafsky et al., Laryngoscope, 2001)

o N N AT NS R SS R

8-item clinical severity scale based on flexible laryngoscopy findings

Scale ranges from 0 to 26; >7 is abnormal

. Subglottic edema 0 = absent, 2 = present

. Ventricular obliteration 2 = partial, 4 = complete

. Erythema/hyperemia 2 = arytenoids only, 4 = diffuse

. Vocal fold edema 1 = mild, 2 = moderate, 3 = severe, 4 = polypoid

. Diffuse laryngeal edema 1 = mild, 2 = moderate, 3 = severe, 4 = obstructing
. Posterior commissure hypertrophy 1 =mild, 2 = moderate, 3 = severe, 4 = obstructing
. Granuloma/granulation tissue 0 = absent, 2 = present

. Thick endolaryngeal mucus 0 = absent, 2 = present

e Tertiary Stage SSx: gummas may break down cartilage
e Rx: penicillin, tetracycline, erythromycin

Rbhinoscleroma (Scleroma) of Larynx

o see also p. 43

e Dathogen: Klebsiella rhinoscleromatis

* Histopathology: pseudoepitheliomatous hyperplasia of the larynx
(similar to blastomycosis)

e Rx: long-term antibiotics as dictated by culture and sensitivity
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Leprosy (Hansen’s Disease)

* see also p. 250

o Pathogen: Mycobacterium leprae

e ulcerative lesions in the supraglottis

e Dx: biopsy (foamy leprous cells containing the bacillus), nasal smear
* Rx: dapsone (diaminodiphenyl sulfone), corticosteroids

Chondritis/Perichondritis of Larynx

* Causes: infection (TB, syphilis, septic laryngitis), trauma,
tracheotomy, radiation effect (can have chondronecrosis),
malignancy, autoimmune (relapsing polychondritis, has 50%
laryngeal involvement, see pp. 390-391)

* most commonly involves thyroid cartilage, rarely involves epiglottis
since fibroelastic cartilage (adherent perichondrium) protects from
infection

e SSx: insidious onset, fever, odynophagia, tenderness, hoarseness,
cough, dyspnea

* Dx: endoscopy reveals pale mucosal edema, CT neck

* Complication: subperichondrial abscess, stenosis (respiratory

compromise)

Rx: establish airway, aggressive antibiotic regimen, I&D if abscess,
consider surgical debridement of necrotic or exposed cartilage

Fungal Laryngitis

* Risks: immunocompromise (diabetes, HIV, chronic corticosteroids,
posttransplant, etc.), radiation, poor nutrition, debilitating illnesses,
long-term antibiotics

e SSx: odynophagia, mucositis, dysphonia, cough, dyspnea, aspiration

* Dx: endoscopy and biopsy (may be confused with malignancy)

* Rx: establish airway, antifungal regimen

Pathogens

¢ Candidiasis (Moniliasis): adherent, friable, cheesy, white plaques;
spread from oral cavity (see also p. 211)
* Aspergillosis: allergic, noninvasive, or invasive forms (see also
pp. 50-52)
* Blastomycosis: red laryngeal ulcers or miliary nodules on vocal
fold (see also p. 249)
Histoplasmosis: ulcerative lesions in larynx (anterior larynx and
epiglottis) (see p. 249)
Coccidiomycosis: nodular laryngeal mass (see also pp. 249-250)
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Benign Laryngeal Tumors

Recurrent Respiratory Papillomatosis

(RRP) (see pp. 573-574)

Chondroma

more common in men

Pathophysiology: most commonly arises from internal posterior
cricoid cartilage; may also arise from thyroid, arytenoid, epiglottic
cartilage

SSx: insidious hoarseness from vocal fold restriction, dyspnea from
subglottic lesions, dysphagia from posterior cricoid lesions, globus
sensation

smooth, firm, fixed tumor, normal mucosa

Dx: endoscopic wedge biopsy, CT neck (calcification)

Rx: complete excision via endoscopic or external approach
(depending on size of lesion)

Granular Cell Tumor (Granular Cell Myoblastoma)

3% risk of malignant degeneration

Pathophysiology: arise from Schwann cells in the posterior

aspect of true vocal fold or arytenoids (originally believed to arise
from myoblasts); may also be found on tongue, skin, breast, and
subcutaneous tissue

SSx: insidious hoarseness

small, sessile, gray mass

Dx: endoscopy with biopsy

Histopathology: may induce pseudoepitheliomatous hyperplasia
near epithelial borders (often confused with squamous cell
carcinoma), polygonal uniform cells with vesicular nucleus, coarsely
cytoplasmic eosinophilic granules, PAS and S-100 positive

Rx: complete excision via endoscopic or external approach
(depending on size of lesion)

Vascular Malformations and Vascular
Tumors (see pp. 544-549)
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Systemic Diseases Affecting the Larynx

Sarcoidosis

see also p. 246

Laryngeal SSx: supraglottic submucosal mass (epiglottis most
common), dysphonia, globus sensation, dyspnea

e Rx: endoscopic removal for symptomatic lesions (hoarseness
or airway obstruction); consider corticosteroids for significant
exacerbations

Granulomatosis with Polyangiitis (GPA,
Wegener’s Granulomatosis)

* see also pp. 252-253

* most commonly involves subglottis

e Laryngeal SSx: subglottic mass, dyspnea, biphasic stridor

* Rx: endoscopic removal for symptomatic lesions, medical
management

Amyloidosis

e see also p. 215

e Laryngeal SSx: anterior subglottic mass (polypoid covered with
smooth mucosa)

* Rx: endoscopic removal for symptomatic lesions (hoarseness or
airway obstruction)

Arthritis of Cricoarytenoid Joint

e cricoarytenoid joint mostly commonly affected

* rheumatoid arthritis most common etiology

* SSx: hoarseness, stridor, dysphagia, pain with swallowing
e Rx: corticosteroids, antireflux regimen

Laryngeal Stenosis (see pp. 563-571)
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Other Laryngeal Lesions

Laryngeal Edema
Angioedema
* Types
1. Acquired: histamine-mediated inflammation (urticaria)
secondary to a variety of substances
2. Congenital (Hereditary): deficiency in C1 esterase inhibitor
(controls the complement pathway)
¢ Common Causes of Acquired Angioedema: medications (ACE
inhibitors, ASA, antibiotics, NSAIDs), food allergies (eggs, peanuts),
insect bites, transfusions, infections (hepatitis B, viral), emotional,

other allergens
e SSx: rapid onset of facial, oropharyngeal, or laryngeal edema, “hot
potato voice,” stertor or stridor, pruritus, hoarseness
e Dx: H&D flexible nasolaryngoscopy, C1 esterase inhibitor serum
levels
* Rx
1. evaluate airway; severe and progressive symptoms may require
prompt intubation over flexible bronchoscope versus an urgent
surgical airway
2. epinephrine, parenteral corticosteroids, H1 and H2 blockers
3. for hereditary angioedema, C1 or kallikrein inhibitors,
bradykinin receptor antagonist, FFP; danazol prophylaxis older
option
4. stop inciting medications

Reinke’s Edema (Polypoid Degeneration, Polypoid Corditis)

* Reinke’s Space: superficial layer of the lamina propria (SLP), loose
connective tissue (susceptible to fluid accumulation)

e Risks: LPR, smoking, hypothyroidism, vocal abuse, chronic throat
clearing, chronic cough

* not associated with increased risk of laryngeal cancer

* Dx: mirror laryngoscopy, flexible nasolaryngoscopy, direct
laryngoscopy, stroboscopy

Rx
1. manage underlying conditions (hypothyroidism, LPR)
2. voice rest
3. smoking cessation

4. microlaryngoscopy with removal of gelatinous material in

Reinke’s space
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Other Causes of Laryngeal Edema

* infection (see pp. 109-112)

e trauma (intubation)

* venous or lymphatic obstruction

* hypoproteinemia

* increased permeability secondary to connective tissue disorders,
leukemia, hypothyroid myxedema

Laryngeal Cysts

* Vocal Fold Cyst: subepithelial cyst, may open to free margin of vocal
fold resulting in a sulcus, associated with reactive changes of opposite
vocal fold; Rx: voice therapy (usually does not resolve), microflap
excision (opposite vocal fold reactive changes typically resolve after
removal of cyst)

* Mucus Retention Cyst: minor salivary gland cyst, supraglottic

lesion, may be obstructive (especially in children); Rx: endoscopic

laser excision or marsupialization

Branchial Cleft Cyst: see pp. 606-607

Ventricular Prolapse: not a cyst, laryngeal ventricle protrudes

between true and false vocal folds, associated with chronic bronchitis;

Rx: endoscopic excision

Acquired Subglottic Cysts
e Pathophysiology: obstruction of mucous glands by endotracheal tube

(requires less trauma than intubation granuloma)

e SSx: postextubation stridor occurring after short-term intubation,
cyst in lateral subglottis

e Dx: flexible nasolaryngoscopy, stroboscopy, direct laryngoscopy

* Rx: endoscopic excision (laser)

Laryngocele and Saccular Cyst
* Laryngocele: air-filled dilation of the appendix of the ventricle,

communicates with laryngeal lumen
* Laryngopyocele: infected pus-filled laryngocele
Saccular Cyst: fluid-filled dilation of the saccule (blind sac in
ventricle) without communication with the laryngeal lumen
Pathophysiology: congenital or acquired expansion from increased
intraglottic pressure of laryngeal saccule
e Laryngocele Types
1. External: laryngocele sac protrudes through thyrohyoid
membrane presenting as a neck mass
2. Internal: laryngocele sac remains within thyroid cartilage, less
common



CHAPTER 3 Laryngology 117

3. Combined
SSx: lateral compressible mass that increases in size with
intralaryngeal pressure (external), or cough and hoarseness (internal)
Dx: mirror laryngoscopy, flexible nasolaryngoscopy, stroboscopy,
direct laryngoscopy, CT neck
Complications: secondary infection, airway obstruction; rare
malignancy association
Rx: marsupialization, complete endoscopic removal (laser) for
internal laryngoceles, open approach for external laryngoceles

Presbylaryngis

Pathophysiology: aging results in ossification of the laryngeal
skeleton, arthritis of the cricoarytenoid and cricothyroid joints,
degeneration of the vocal fold layers (resulting in a bowing defect)
SSx: hoarse-breathy voice, higher than normal pitch, voice fatigue,
may have voice tremors, potential risk of aspiration

Dx: mirror laryngoscopy, flexible nasolaryngoscopy, stroboscopy
Rx: voice therapy, address aspiration if present, conservative vocal
fold injection for bowing

Vocal Fold Lesions Secondary to Vocal
Abuse and Trauma (see Figure 3-3)

Pathophysiology: trauma-induced dilation of vessels on superior
surface of vocal folds results in reactive changes (hyperemia, edema,
submucosal hemorrhage, possible scarring)

Causes: screaming, coughing, throat clearing, toxic fumes, smoking,
LPR, endotracheal tube, allergy, rhinosinusitis, laryngitis

SSx: hoarseness, odynophagia, odynophonia

Dx: mirror laryngoscopy, flexible nasolaryngoscopy, stroboscopy
Rx: conservative management (speech therapy, humidification,
antireflux regimen, smoking cessation, occasionally voice rest)

Vocal Fold Contact Ulcer and Vocal Fold Granuloma

ulceration or granulation tissue posteriorly on the medial arytenoid
near the vocal process

results from injury and exuberant healing process (eg, intubation
granulomas from endotracheal intubation)

typically self-limiting

Rx: antireflux regimen, antibiotics, speech therapy, consider
corticosteroids, prevent with smaller sized or earlier removal

of endotracheal tube, rarely endoscopic removal (consider if
symptomatic and pedunculated, avoid removal of sessile lesions)
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FIGURE 3-3. Vocal fold lesions secondary to vocal abuse and trauma.

Vocal Fold Nodules

* colloquially called singer’s nodules
* more common in young women and children
e bilateral symmetric inflammatory tissue at junction of anterior and

middle third of vocal fold (the middle portion of the membranous
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vocal fold has the greatest amplitude in the mucosal wave, making it
susceptible to injury with voice abuse)
* bilateral by definition (unilateral vocal fold “nodule” is incorrect
terminology)
* Types
1. Acute: edematous, soft, erythematous, vascular vocal fold lesions
2. Chronic: more organized fibrosis, hard, white, thickened vocal
fold lesions

e Rx: conservative management (as previous), rarely endoscopic excision
for failed voice therapy (avoid excision in children, high recurrence
rate)

Vocal Fold Polyp

* typically unilateral, middle, and anterior vocal folds at free edge
* Types
1. Mucoid: translucent, broad-based lesion, stems from
inflammation in Reinke’s space
2. Angiomatous: hemorrhagic (erythematous), protuberant,
multinodular lesions
* Rx: conservative management (as previous), microflap excision for
symptomatic lesions

Sulcus Vocalis (Glottis Sulcus)

* more common in vocal overusers
¢ cpithelium-lined depression (ie, sulcus) parallel to the free edge of the
vocal fold
* voice often worse than expected from laryngoscopy, stroboscopy
shows reduced vibration and mucosal wave, microdirect laryngoscopy
may be needed to diagnose because lesion may be subtle
* Types
1. Congenital
2. Acquired: may have evolved from an epithelial cyst that
spontaneously emptied, leaving a collapsed depression
* Rx: conservative management (as previau:), surgical management is
difficult as it may significantly disrupt the vocal fold mucosa, excising
removes the whole invaginated mucosal pocket without damaging the
underlying vocal ligament

Office-Based Procedures for Vocal Fold Lesions

e recent trend towards office-based procedures that were previously
performed in the OR

* may diagnose lesions with biopsy and/or excision
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e consider for papillomas, granulomas, Reinke’s edema, cysts/
pseudocysts, hemorrhagic lesions

e can use laser (commonly potassium titanyl phosphate, KTP)

* Advantages: reduced operative time/cost, avoidance of general
anesthesia, less recovery time

NEUROGENIC AND OTHER
VOCAL PATHOLOGIES

Vocal Fold Immobility (Paralysis)

Evaluation of Vocal Fold Immobility
Terminology

* Immobility: nonmovement of vocal fold from any cause (eg,
neurologic or mechanical)

* Hypomobility: partial nonmovement of vocal fold from any cause
(eg, neurologic or mechanical)

e Paralysis: nonmovement of vocal fold from neurologic cause (eg,
RLN injury)

* Paresis: partial nonmovement of vocal fold from neurologic cause (eg,

RLN injury)

History and Physical Exam

* Unilateral Vocal Fold Immobility SSx: hoarse—breathy dysphonia,
aspiration, stridor in children, dysphagia, limited phonation time,

vocal fatigue, may be asymptomatic

Bilateral Vocal Fold Immobility SSx: inspiratory or biphasic stridor,

weak cry, aspiration, hoarseness (voice may be normal)

* Contributing Factors: recent URI, cough; previous neck trauma,
toxin exposure, surgery (cardiothoracic, thyroid), or airway

manipulation; history of tobacco or alcohol abuse; history of

cancer, cardiopulmonary disease, peripheral nerve disease and other

neurologic disorders, diabetes; neonatal history (complications, birth

trauma, maternal infections, congenital defects)

Physical Exam: neck mass (eg, thyroid), complete neurologic exam

e Mirror Laryngoscopy or Flexible Nasolaryngoscopy: evaluate vocal
fold movement, positioning during phonation, symmetry, pooling
of secretions, movement of the arytenoids, PPP rule (Posterior
commissure Points to Paralyzed side in unilateral superior laryngeal

nerve paralysis)
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Ancillary Tests

Direct Laryngoscopy: allows for arytenoid palpation to differentiate
paralysis from mechanical fixation

Stroboscopy: mucosal wave characteristics

CXR: evaluates thoracic etiology

CT from Base of Skull to Aortic Triangle: evaluates lesions along
course of vagus nerve

Modified Barium Swallow (MBS, MBSS, Videofluoroscopic
Swallow Study, VFSS) and Esophagram: evaluates for aspiration,
esophageal lesions, vascular abnormalities

Laryngeal Electromyography: determines vocal fold paralysis versus
fixation, superior laryngeal nerve versus RLN injury, myopathy
(normal frequency, lower amplitude), neuropathy (lower frequency,
normal amplitude), and prognosis for recovery (ie, denervation
(fibrillations after 3 weeks indicating unlikely recovery] versus
reinnervation [polyphasic potentials indicating possible recovery];
Fibrillation suggests Failure; Polyphasic potential suggests Positive
outcome)

Labs: CBC, trepemonal studies (FTA-ABS), Lyme titers, thyroid
function tests, toxin screen (lead and arsenic levels), fasting blood
sugar

Vocal Fold Positioning

vocal fold position does not necessarily predict site of lesion

RLN Paralysis: paramedian vocal folds, preserves partial
ADduction from the action of the cricothyroid muscle (the only
intrinsic muscle innervated by the SLN)

SLN Paralysis: loss of cricothyroid innervation results in loss of vocal
fold tension (lowers pitch of voice), bowing deformity, and loss of
laryngeal sensory innervation (increased risk of aspiration); selective
SLN injuries are rare (except thyroid surgery)

RLN and SLN Paralysis: “cadaveric,” intermediate vocal folds
Bilateral Vocal Fold Paralysis: typically near midline (stridor,
dyspnea, near normal voice) or abducted (breathy dysphonia, vocal
fatigue, limited phonation time)

Causes of Vocal Fold Immobility in Adults

Neoplastic: lung, esophageal, other mediastinal, skull base, laryngeal,
and thyroid tumors

Iatrogenic Injury: thyroidectomy, neck surgery, cardiothoracic,
vascular, and neurosurgical procedures; postintubation neuropraxia
(increased risk with cuff placed in proximal subglottis resulting in a
pressure-induced neuropraxia of RLN)
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Idiopathic: usually self-limiting (may take up to 12 months to resolve)
Trauma

Neurologic: multiple etiologies that affect nucleus ambiguus in the
medulla including poliomyelitis, pseudobulbar palsy, myasthenia
gravis, amyotrophic lateral sclerosis, brainstem stroke, multiple
sclerosis, Wallenberg syndrome (infarct of the posterior inferior
cerebellar artery [PICA] affecting the lateral medulla)

Infectious: Lyme disease, syphilis, EBV, TB, viral

Systemic Diseases: sarcoidosis, diabetes, cardiomegaly

Toxins: lead, arsenic, quinine, streptomycin

left-sided paralysis more common in adults because left RLN is longer
(greater risk of injury); however, right RLN has more oblique course
increasing exposure to injury in thyroidectomy

congenital anomalies affect the right RLN more because of its shorter
length (more susceptible to traction forces)

Causes of Vocal Fold Immobility in Pediatrics
(see pp. 564, 571)

Unilateral Vocal Fold Immobility
(Paralysis) Management

determine if self-limiting or permanent paralysis

may not require surgical management if other vocal fold compensates
to provide adequate voice quality and no aspiration (observation with
voice therapy)

goal of unilateral surgical procedures is to medialize vocal fold
without compromising the airway

Vocal Fold Injection Medialization

Indications: vocal fold immobility, glottic insufficiency, may be used

as a temporizing procedure

Advantages: easy, immediate improvement, may be completed in the

office or under general anesthesia in the operating room

Disadvantages: irreversible if Teflon used, changes mucosal wave,

does not correct large posterior defects, contraindicated if vocal folds

are not at the same level

Complications: granuloma formation (with superficial injections

or migration of Teflon), under- or overinjection (risk of airway

compromise), acute hypersensitivity

Injection Materials

1. Gelfoam: 30% overcorrection to compensate for saline

resorption, lasts 4-6 weeks (use if recovery expected, eg,
neuropraxia)
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2. Fat: no foreign body reaction, donor site morbidity, 40%
overcorrection to compensate for resorption, <50% resorption at
6 months

3. Collagen: human or bovine collagen (risk of host reaction),
eventually resorbed and replaced with host tissue, lasts 4-9
months

4. Calcium Hydroxyapatite (Radiesse Voice): permanent, does
not resorb

5. Radiesse Voice Gel: carrier from Radiesse Voice only, no
calcium hydroxyapatite, lasts 1-2 months

6. Hyaluronic Acid (Restylane): lasts 6-8 months

7. Micronized Alloderm (Cymetra): lasts 6 months

8. Teflon (PTFE) Paste: largely replaced due to risk of granuloma
formation, migration, stiffening of mucosal wave, difficulty with
removal

pproaches

1. Flexible Nasolaryngoscopy (Office): transoral (curved needle),
transcricothyroid membrane, transthyrohyoid membrane,
transthyroid cartilage (straight or bent needle)

2. Direct Laryngoscopy (OR): transoral under suspension and
magnification, straight needle injection

Thyroplasty

Type I (Medialization) Thyroplasty: medializes vocal fold by inward
compression with an implant (Silastic, Gore-Tex, hydroxyapatite)
placed via a window in the thyroid cartilage

Advantages: reversible, preserves mucosal wave, immediate results,
may be done under local anesthesia to allow for voice and visual
feedback

Disadvantages: requires neck incision, technically more difficult, may
not be adequate for posterior defects

Complications: morbidity from neck incision (hematoma, wound
infection, bleeding), under- or overcompensation (risk of airway
compromise), implant extrusion or migration

Other Thyroplasty Types: less often used, include type II (lateralizes
vocal fold via thyroid cartilage split with graft to anteriorly widen),
type III (lowers vocal pitch or addresses ADductor spasmodic
dysphonia by shortening and relaxing vocal folds), type IV (raises vocal
pitch by lengthening and tensing vocal folds)

Arytenoid Adduction

Indications: large posterior glottic chinks (triangular defects) or
uneven vocal folds
Advantages: may be used in combination with type I thyroplasty
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e Disadvantages: irreversible
e Complications: hematoma, airway compromise, slipped sutures,
pharyngocutaneous fistula

Reinnervation Procedures

e Indications: unilateral permanent vocal fold paralysis

 Advantages: maintains muscle tone, no foreign body reaction, best
preservation of mucosal wave, most physiologic

Disadvantage: does not result in active ADduction and ABduction,
long operative time, delayed results (<6 months), high technical skill;
consider short acting injection medialization until reinnervation

becomes effective

ansa cervicalis nerve has similar fiber composition (myelinated versus
unmyelinated) to the RLN, making it compatible for RLN grafting
* Types

. end-to-end anastomosis of RLN

. ansa cervicalis to main trunk of RLN

. anastomosis of ansa cervicalis to ADductor branch of RLN

. ansa cervicalis neuromusclar pedicle (omohyoid) to TA muscle

N N =

. vagus, ansa, or phrenic nerve fibers or motor end plate insertion
into TA muscle

Tracheotomy

* indicated for respiratory distress or chronic aspiration (for pulmonary
hygiene/toilet)
e see also pp. 106-108

Bilateral Vocal Fold Immobility
(Paralysis) Management

* goal is to lateralize vocal fold for airway improvement without

compromising voice and causing aspiration

Tracheotomy: gold standard for stabilizing airway, must undergo

lateralizing procedure (at least 4 mm) before decannulation

Cordotomy (Laser): transect between vocal process and vocal fold

* External or Endoscopic Arytenoidectomy: arytenoid excised
(total or partial), risk of posterior glottic scarring, may use laser with

endoscopy

* Arytenoidopexy: lateralize vocal fold by plicating vocal process to
external laryngeal architecture

* Reinnervation Procedures: attach neuromusclar pedicle to PCA
muscle for ABduction (see previous)
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Other Neurogenic Voice Pathologies

Adductor Spasmodic Dysphonia

* more common than ABductor spasmodic dysphonia

Pathophysiology: focal laryngeal dystonia, causes vocal fold hyper-
ADduction (phonation against a closed glottis), exacerbated by stress,
better with alcohol

e SSx: strained or strangled voice, glottic stammering (phonation
breaks); may be associated with other dystonias, tremors, or difficulty
in breathing

typically patients are able to whisper, sing, or speak in a character

voice normally

e Dx: H&D, flexible nasolaryngoscopy, voice profile (difficulty with
voiced sounds, especially words that begin with vowels; classic
sentences to elicit: counting from 80 to 90, “we eat eggs every day”)

e Rx: voice therapy, consider botulinum toxin (Botox) injections of

TA and LCA muscles (lasts ~3 months)

Abductor Spasmodic Dysphonia
e Dathophysiology: focal laryngeal dystonia, causes vocal fold hyper-

ABduction during voicing; exacerbated by stress, better with alcohol

e SSx: abnormal whispered or breathy breaks during phonation,
especially during voice onset

* Dx: H&D, flexible nasolaryngoscopy, voice profile (difficulty with
voiceless speech sounds, especially vowels following a voiceless
consonant; classic sentences to elicit: counting from 60 to 70, “the
puppy bit the tape”)

* Rx: voice therapy, consider botulinum toxin to PCA muscles (lasts
~3 months)

Mixed Spasmodic Dysphonia

e affects both ABductors and ADductors
e SSx: include those of both ABductor and ADductor spasmodic
dysphonia

Spastic Dysarthria

* Pathophysiology: bilateral pyramidal tract disorder resulting in
weakness, paresis, hypertonicity, and hyper-ADduction of vocal folds

e SSx: strained—strangled voice, periodic arrests of phonation

e Dx: mirror laryngoscopy, flexible nasolaryngoscopy

* Rx: voice therapy



126 Otolaryngology-Head and Neck Surgery

Flaccid Dysarthria (see Vocal Fold Immobility, pp. 120-124)

Hypokinetic Dysarthria

e Dathophysiology: degenerative disease of the upper brainstem
(Parkinson’s disease) results in hypertonicity and rigidity of laryngeal
muscles

e SSx: hoarse-harsh voice, limited volume and pitch

e Dx: mirror laryngoscopy, flexible nasolaryngoscopy

* Rx: voice therapy

Hyperkinetic Dysarthria

see also Spasmodic Dysphonia (previous)

Pathophysiology: disorder of the extrapyramidal system resulting in
an organic voice tremor

e SSx: tremorous voice

e Dx: mirror laryngoscopy, flexible nasolaryngoscopy

* Rx: voice therapy or botulinum toxin injections of TA muscle

Ataxic Dysarthria
e Dathophysiology: cerebellar disorder resulting in incoordinated,

clumsy, tremulous laryngeal muscular contraction during voicing (not
at rest)

e SSx: uncontrolled loudness and pitch outbursts, mild hoarseness

* Dx: mirror laryngoscopy, flexible nasolaryngoscopy

* Rx: voice therapy

Other Voice Disorders

Puberphonia
e Dathophysiology: occurs during puberty, difficulty adjusting to the

larger, more mature larynx
e SSx: recurrent “cracked,” shrill, high-pitched voice
e Dx: clinical exam and voice profile
* Rx: voice therapy

Paradoxical Vocal Fold Motion Disorder
(PVFD; Vocal Cord Dysfunction, VCD)

e attacks of stridor, during which true vocal folds paradoxically ADduct
during inspiration
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* often seen in young females, exacerbated by stress, functional but
involuntary

e Dx: flexible nasolaryngoscopy during attack to document paradoxical
motion, otherwise easily misdiagnosed

* Rx: lorazepam to break attack, rarely need to intubate (however,
patient may be intubated before consultation), speech therapy for
breathing exercises, tracheotomy (rare)

Other Disorders

* Conversion Disorders: usually breathy—hoarse dysphonia with
a normal laryngeal exam, not under voluntary control, secondary
psychologic need; Rx: voice therapy, psychologic counseling

* Plica Ventricularis: faulty use of false vocal folds (hyper-ADduction),
represents a form of muscle tension dysphonia, must rule out
organic etiology; Rx: voice therapy
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THYROID
Anatomy and Physiology

Anatomy

Thyroid Gland: two pear-shaped lobes, connected by the isthmus,
and a pyramidal lobe (may present as a superior extension of the
embryologic thyroid duct) at the level of 2nd—4th tracheal rings
Berry’s Ligament (Posterior Suspensory Ligament): attaches
thyroid lobes to the trachea

C-cells (Parafollicular Cells): cells within thyroid gland that secrete
calcitonin

Embryology: see p. 605

Vasculature

external carotid artery — superior thyroid artery — superior pole of
the thyroid

subclavian artery — thyrocervical trunk — inferior thyroid artery —
lateral lobes of the thyroid and the inferior and superior parathyroid
arteries (superior parathyroid arteries may also arise from superior
thyroid artery)

aortic arch or innominate artery — thyroid ima artery — thyroid
isthmus

venous drainage from the superior, middle, inferior (largest) veins into
the internal jugular and innominate veins

lymphatic drainage of the isthmus and medial lobes — upward to the
Delphian (prelaryngeal) and digastric nodes; inferior lateral lobes —
pretracheal and cervical nodes

Nerves

Superior Laryngeal Nerve (SLN): the external branch (motor)
parallels the superior thyroid artery and descends to innervate the
cricothyroid muscle; the internal branch (sensory) parallels the
superior thyroid artery, then pierces the thyrohyoid membrane (may
anastomose with a branch of the RLN to form the loop of Galen)
Recurrent Laryngeal Nerve (RLN): ascends 1 cm lateral to the
tracheoesophageal groove, closely associates with the inferior thyroid
artery, near the middle 1/3 of the gland the nerve crosses posteriorly
or superficially to the inferior thyroid artery, continues superiorly
and medially along the posterior thyroid capsule, then enters the
larynx between the cricoid cartilage and the inferior cornu of the
thyroid cartilage (just posterior to the articulation); left RLN wraps
around the arch of aorta (straighter course), right RLN wraps around
the subclavian artery (more oblique course)



CHAPTER 4 Otolaryngologic Endocrinology 131

Thyroid Hormone (TH) Physiology
TH Synthesis and Release

* anterior pituitary secretes TSH — Tthyroid iodine uptake
* jodination of thyroglobulin (Tg) forms monoiodotyrosine (MIT) and
diiodotyrosine (DIT) molecules (organification)
MIT and DIT molecules link together to form triiodothyronine (Tj)
or thyroxine (T}), stored within the “colloid”
released into blood after endocytosis and fusion with lysosome to
release T; and T, (T is 90% of thyroid output)
e TH Transport: thyroxine-binding globulin (TBG, made from
liver, increased with estrogen and pregnancy, binds 75% of T,);
transthyretin (thyroxine-binding prealbumin, binds 15% of T,); and
albumin (binds 5% of T)

pregnancy or estrogen from oral contraceptives TTBG and therefore

Trotal T however, free T remains normal so will maintain euthyroid
state

liver, kidneys, muscle, and anterior pituitary convert T to T; via
5’-monodeiodinase (Tj is four times more active than T, and binds
with higher affinity to TBG) and reverse T; (inactive form)

Regulation

* Thyrotropin-Releasing Hormone (TRH): released from supraoptic
and paraventricular nuclei of hypothalamus, TTSH (inhibited
by TH)

¢ Thyroid-Stimulating Hormone (TSH): secreted by anterior
pituitary, stimulates iodide trapping, TTH, activates growth of
thyroid gland (inhibited by TH)

* Wolff-Chaikoff Effect: excess iodine { TH (usually temporary)

TH Effects

* clevates metabolic rate (thermogenesis, increases oxygen
consumption)

e essential for normal neural and skeletal development (stimulates
chondrocytes, bone resorption, growth of neuronal tissue)

* increases sympathetic activity (increases heart rate and contractility)

e releases steroid hormones

* stimulates erythropoiesis

Pharmacology

¢ Levothyroxine (Synthroid): titrate to TSH levels (0.1-0.2 mIU/mL)
¢ Liothyronine (Cytomel): synthetic Tj, shorter half-life, can use
immediately post-thyroidectomy if radioactive iodine is planned
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* Thioamides: for hyperthyroidism, methimazole (Tapazole)
generally preferred over propylthiouracil (PTU), LT, conversion
and the oxidation and organification of iodine; may cause hepatitis,
agranulocytosis, parotitis; methimazole contraindicated in 1st
trimester of pregnancy

* Jodine, Lugol’s Solution: excess iodine JTH (Wolff-Chaikoff
Effect); contraindicated in rheumatoid arthritis

¢ Glucocorticoids: suppress the hypothalamic—pituitary—thyroid axis

e Lithium: JTH release; contraindicated in renal failure and
cardiovascular disease

* Propranolol, Metoprolol (B-blockers): used to control the
peripheral manifestation of sympathetic overactivity (inhibits
thyrotoxicosis)

Thyroid Function Tests (TFTs; sce Table 4—1)

* Total T;: radioimmunoassay measures free and bound T

* Free T;: measures unbound T}, more specific for hypo and
hyperthyroidism

e TSH: radioimmunoassay measures TSH, most sensitive test for
primary hypo and hyperthyroidism

* Total T;: radioimmunoassay measures free and bound Tj, useful for
toxic nodules and toxic multinodular goiters (higher increase in T;
than T)

e TRH Stimulation Test: measures TSH after infusion of TRH, tests
pituitary secretion of TSH and hypothalamic response

* Radioactive Iodide Uptake (RAIU): measures the percentage
of radiolabeled iodine taken up by the thyroid, assesses metabolic
status

¢ Calcitonin: elevated in medullary thyroid carcinoma

TABLE 4-1. Thyroid Function Test Results

Condition TBG Total T, RT,U Free T,
Normal Normal Normal Normal Normal
Pregnant T T l Normal
Liver/Renal Disease d l T Normal
Hyperthyroid Normal 7 T T
Hypothyroid Normal d \2 2
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Thyroid Nodules and Cysts

Evaluation of the Thyroid Nodule
History and Physical Exam

SSx: growth rate of nodule, hoarseness, pain, dysphagia, symptoms of
hypo or hyperthyroidism (see below)

Contributing Factors: radiation exposure, family history of thyroid
disorders

Physical Exam: palpation of nodule (consistency, mobility,

size, tenderness), cervical adenopathy, vocal fold mobility
(nasopharyngoscopy), stridor

Factors That Favor Malignancy; males, <20 years old or >70 years old,
neural involvement (hoarseness), family history, cervical adenopathy,
radiation exposure

Fine Needle Aspiration (FNA)

initial step in assessment of thyroid nodule

Indications: nodules >1 cm with high and intermediate suspicion
sonographic features (microcalcifications, irregular margins, marked
hypoechogenicity), nodules 1.5 cm with low suspicion sonographic
features, nodules >2 cm with very low suspicion sonographic pattern;
purely cystic benign appearing nodules do not need an FNA

1-10% false-negative, depending on size of needle, experience of
pathologist and technician

fine needle biopsies are preferred over large-bore needles to reduce the
risk of malignant seeding and to allow for multiple biopsies

larger needle biopsies may be considered for failed fine needle aspiration
requires adequate specimen and a well-trained pathologist; cysts tend
to reduce after aspiration (may be cystic degeneration in malignancy)

Interpretation and Management

e consider the Bethesda System (see Table 4-2)

* Uniform Follicular Epithelium and Abundant Colloid: suggest
nodular or adenomatous goiters; observation (may consider repeat
sonography or FNA after 6-12 months)

¢ Inflammatory Cells: suggest thyroiditis

* Indeterminate: consider repeat FNA with or without molecular
testing

* Follicular Cells: may be benign or carcinoma, requires
a hemithyroidectomy to examine tissue architecture for
differentiation (extracapsular spread, vascular invasion, metastasis
indicate carcinoma)



134 Otolaryngology-Head and Neck Surgery

TABLE 4—2. Bethesda System for FNA Results of Thyroid Nodules

Risk of Typical
Diagnostic Category Malignancy (%) Management
I. Nondiagnostic 1-4 Repeat FNA
II. Benign 0-3 Observation
III. Atypia or follicular lesion of 5-15 Consider molecular
undetermined significance testing
IV. Follicular neoplasm or suspicious 15-30 Consider
for follicular neoplasm thyroidectomy
V. Suspicious for malignancy 60-75 Thyroidectomy
VI. Malignant 97-99 Thyroidectomy

Hiirthle Cells: may be benign or malignant (similar to follicular
cells), also associated with Hashimoto’s thyroiditis

Papillary Cells (psammoma bodies, giant cells): suggest
papillary carcinoma (papillary adenoma is exceedingly rare);

thyroidectomy (see below)

* Amyloid Deposits (Congo red stain): suggest medullary
carcinoma; thyroidectomy (see below)

* Undifferentiated, Bizarre Cells: suggest anaplastic carcinoma (see
below for management)

Molecular Testing

* may be diagnostic or predictive of disease behavior or response to
therapy
consider to better characterize Bethesda III-V nodules

* marketed as multigene panels

* various sequencing assays measure various levels of gene expression
or searches for known mutations, multigene panel algorithms
improve diagnostic accuracy

* BRAF V600E most prevalent mutation found in papillary
carcinoma with nearly 100% specificity

* molecular testing is currently not reccommended for evaluation of
Hurtle cell neoplasms

Thyroid Radionucleotide Studies/Scintigraphy

e Indications: determine function of thyroid gland or nodule; identify
ectopic thyroid tissue (including retrosternal goiter, lingual thyroid,
and metastasis); determine size, shape, and symmetry of gland
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Radionucleotides

o 9mT¢ Pertechnetate: trapped by follicular cells, does not measure
uptake, low-dose radiation, less expensive, image obtained in
single visit within 30 minutes

e BII: high radiation burden, results available in 48-72 hours;
tracer of choice to evaluate metastasis; also used for ablation for
hyperthyroidism, residual disease

o 3. expensive, must be delivered daily, testing requires 2 visits at

4 and 24 hours (shorter half-life), highest sensitivity

Interpretation and Management

* Hypofunctioning/Nonfunctioning (“Cold”) Nodule: 5-20%
malignancy rate, consider lobectomy and isthmusectomy,
decision of completion of thyroidectomy based on accuracy of

pathology (may consider a frozen section)

 Hyperfunctioning or Autonomous Functioning (“Hot”) Nodule:
may be observed, if associated with decreased TSH levels may need
radioactive iodine therapy versus surgery, 4% malignancy rate

* Normal Functioning: suggests normal thyroid function

Other Tests

e Screening Thyroid Function Tests: TSH and free T}
e Sonography: indicated to distinguish cysts, guide FNAs, and identify

nonpalpable lesions

e CT/MRI: evaluates substernal goiter, nodal involvement, airway and
vascular displacement, tumor invasion
e CXR: metastasis workup, tracheal displacement

Thyroid Cysts

* Pathophysiology: typically arises from degenerated nodules, may
result from cystic degeneration of malignancy

¢ SSx: smooth, round mass

e Dx: FNA, ultrasound, CT

e Rx: may observe for regression, FINA relieves pain and acquires cells
for cytology, may consider lobectomy for recurrent cysts that are
recalcitrant to drainage or bloody aspirates

Thyroid Neoplasia
Introduction

* Well-Differentiated Thyroid Carcinoma (WDTC): includes
papillary and follicular carcinoma
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High Risk Criteria
1. MACIS: Metastasis, Age (240 years old), Completeness of

resection, Invasion into local tissue, Size of tumor (Surgery,
1993;114(6):1050-1058)

2. AMES: Age (males 41 years old, females >51 years old),
Metastasis, Extent of Disease (extrathyroidal, capsular
involvement), Size (25 cm); Other: radiation therapy,
autoimmune thyroiditis, more common in women (children and
males have a higher risk of malignancy if presents with a thyroid

nodule) (Surgery, 1988;104-951)

Benign Thyroid Adenoma

70% of solitary nodules

SSx: painless, slow-growing solitary nodule

Dx: FNA (typically reduces size) or imaging

follicular adenoma is most common

papillary adenoma is exceedingly rare

Rx: observation, diagnostic FNA typically reduces cysts

Papillary Thyroid Carcinoma

most common thyroid cancer (70-80%)
more common in young females

Risks: radiation exposure, Gardner’s syndrome, may have an
association with Hashimoto’s thyroiditis

15-30% palpable regional nodes (70% occult nodes), 5-10% distant
metastasis (lungs or bones)

SSx: painless, slow-growing solitary nodule, often asymptomatic, may
have hoarseness or dysphagia with larger tumors

Dx: ENA (see above); preoperative neck US (central and lateral neck
compartments); consider CT/MRI for advanced disease; no routine
need for PET, serum thyroglobulin, or anti-thyroglobulin antibodies
Histopathology: unencapsulated neoplastic cells (ground glass
appearance, pseudoinclusions) with fibrovascular stalks, psammoma
bodies (calcific), intranuclear vacuoles (“Orphan Annie” eyes),
multicentric

Prognosis: 95% 5-year survival; poor prognostic indicators include
tumors >1.5 cm or extracapsular spread (cervical metastases have
increased cervical recurrence rates without affecting survival)
Follicular Variant of Papillary Thyroid Carcinoma

(FVPTC): common variant, composed primarily of follicles

lined with cells that have nuclear features of papillary carcinoma;
encapsulated FVPTC may be managed with lobectomy alone



CHAPTER 4 Otolaryngologic Endocrinology 137

Staging (AJCC Staging Handbook, 8th ed., 2017)

soft tissue, larynx, trachea, esophagus, or recurrent laryngeal nerve;
T4b invades prevertebral fascia or encasing carotid or mediastinal
vessels)

T1: <2 cm tumor limited to thyroid (T1a <1 cm tumor, T1b >1 cm
but <2 cm)

T2: >2 cm but <4 cm tumor limited to thyroid

T3: >4 cm tumor or gross extrathyroidal extension invading only
strap muscles (T'3a >4 cm tumor limited to thyroid, T3b gross
extrathyroidal extension invading only strap muscles of any size)

T4: includes gross extrathroidal extension (T4a invades subcutaneous

Management

Primary Site Management

* <1 cm tumor without extrathyroidal extension, lymph nodes,
or distant metastasis: unilateral lobectomy unless there are risk
factors/indications for removing the contralateral lobe

* >1 cm and <4 cm tumor without extrathyroidal extension, lymph
nodes, or distant metastasis: total or near-total thyroidectomy;
low risk papillary cancers can be managed with a lobectomy but
postop radioactive iodine cannot be given

* >4 cm tumor or with gross extrathyroidal extension or clinically
apparent metastatic disease to nodes or distant sites: total or near-
total thyroidectomy

e very limited roles for chemotherapy and external beam radiation
therapy

Lymph Node Management

* clinically positive central nodes: therapeutic central neck
dissection

small (T;-T,), noninvasive, clinically node negative papillary
thyroid carcinoma and most follicular carcinomas: thyroidectomy
without prophylactic central neck dissection

advanced papillary thyroid carcinoma (T5-T,) or clinically
involved lateral neck nodes (cN1b): consider prophylactic central
neck dissections (unilateral or bilateral; or if the information will
be used to plan further therapy)

* biopsy-proven metastatic lateral neck nodes: therapeutic lateral
neck dissection

Postoperative Management

* measure serum thyroglobulin
* consider diagnostic radioactive iodine scanning and/or ultrasound
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* radioactive iodine adjuvant therapy is not routinely recommended
after thyroidectomy for low-risk WDTC (especially those with
unifocal microcarcinoma)

e radioactive iodine should be considered in intermediate and low
risk WDTC with other risk factors

* radioactive iodine adjuvant therapy is routinely recommended

after total thyroidectomy for high-risk WDTC

Follicular Carcinoma

* second most common thyroid cancer (10%)

* more common in the elderly and in females

* 20-50% hematogenous spread with distant metastasis (lymphatic
spread rare)

e SSx: painless, slow-growing solitary nodule, often asymptomatic, may
have hoarseness or dysphagia

* Dx: requires open biopsy (unable to distinguish adenoma from

carcinoma by FNA)

Histopathology: unifocal; neoplastic follicular cells (less distinct

from malignant papillary cells), malignancy differentiated by the

presence of extracapsular spread, invasion of vasculature, or

metastasis; solid, trabecular, or follicular growth patterns

e Staging: T staging same as papillary carcinoma
Prognosis: 70—-85% 5-year survival (20% with distant metastasis);
worse prognosis for angioinvasion, extracapsular spread

* Rx: surgical and medical management similar to papillary carcinoma
(see above)

Hiirthle Cell Carcinoma (Oncocytic Carcinoma)

e variant of follicular carcinoma (Hiirthle cells predominate)

* more aggressive than follicular carcinoma

e SSx: similar to follicular and papillary carcinoma

* Dx: requires open biopsy (unable to distinguish adenoma from
carcinoma from FNA)

* Histopathology: predominately (75-100%) Hiirthle cells (large
granular eosinophilic cells); similar to follicular carcinoma;
malignancy differentiated by the presence of extracapsular spread,
invasion of lymphatics or vasculature, or metastasis

e Staging: T staging same as papillary carcinoma

* Prognosis: 50% 5-year survival

e Rx: more aggressive surgical management, Hiirthle cell carcinomas
do not take up radioactive iodine (less sensitive to thyroid suppression
and radioactive iodine)
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Medullary Thyroid Carcinoma

e Pathophysiology: derived from neuroendocrine parafollicular or
C-cells (produce calcitonin)
* Types
1. Familial: 20-25%, multiple endocrine neoplasia (MEN) 2a/b
(see Table 4-3), familial medullary thyroid carcinoma (FMTC),
multicentric, bilateral
2. Sporadic: 75-80%, unifocal, unilateral, worse prognosis
* 50-60% lymph node involvement (late vascular involvement),
approximately 8% distant metastasis
e secretory granules of malignant C-cells release calcitonin and also
secrete gastrin, adrenocorticotropic hormone (ACTH), substance I,
carcinoembryonic antigen (CEA), and others
e SSx: sporadic forms present similar to follicular and papillary
carcinoma

* Dx: presence of Ret-3 oncogene mutation (chromosome 10), FNA
or biopsy, elevated serum calcitonin (consider IV pentagastrin to
increase sensitivity), serum CEA; neck and thyroid ultrasound; rule
out pheochromocytoma

* Histopathology: varied cells (small round, polygonal, or spindle
shaped neoplastic cells), amyloid stroma, may have peripheral C-cell
hyperplasia

e Staging: T staging similar to papillary carcinoma

e Prognosis: 50-80% survival; worse prognosis if unilateral, sporadic
type, younger patient, or with metastasis

Management

* patient and family should be screened for MEN syndromes with
assays for germline RET mutations (see Table 4-3), examine for
mucosal neuromas, marfanoid habitus, serum calcium levels, urine
catecholamines and metabolites (vanillylmandelic acid, metanephrine)

TABLE 4-3. Multiple Endrocrine Neoplasms

MEN 1 (I) MEN 2a (II)

(Werner’s Syndrome) (Sipple Syndrome) MEN 2b (III)
Parathyroid hyperplasia Medullary thyroid Medullary thyroid
Pancreatic tumors carcinoma carcinoma
(insulinoma, gastrinoma) Pheochromocytoma Pheochromocytoma
Pituitary adenoma Parathyroid hyperplasia Mucosal neuroma

Marfanoid habitus
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absent nodal or distant metastasis: total thyroidectomy with

prophylactic central neck dissection

present lateral neck disease: total thyroidectomy, central neck

dissection, and ipsilateral neck dissection; contralateral neck dissection

considered only if basal calcitonin >200 pg/mL

extensive regional or metastatic disease: less aggressive surgery in the

central and lateral neck is appropriate to preserve speech, swallowing,

parathyroid function, and shoulder mobility; external beam radiation,

systemic therapies, should be considered for tumor control

* postoperative basal calcitonin and CEA should be measured at 2-3
months and then every 6-12 months for surveillance

¢ Prophylactic Thyroidectomy: considered in childhood with positive

germline RET mutations

Chemotherapy: targeted tyrosine kinase inhibitors (eg, cabozantinib,

vandetanib)

radioactive iodine (**']) is not effective because parafollicular cells do
1311

not take up

Anaplastic Carcinoma

* most commonly seen in the elderly

Pathophysiology: may be from transformation of a well-differentiated
carcinoma (may find coexistent follicular or papillary carcinoma)
uniformly fatal (2-6 month median), often found with metastasis

SSx: fast-growing firm thyroid mass, 50% with hoarseness (local
invasion)

e Dx: FNA (as above)

Histopathology: giant and spindle cell variation with high
mitotic activity, large areas of necrosis, and significant infiltration;
undifferentiated “bizarre cells”

e Rx: no curative therapy; palliative considerations include

tracheotomy to protect airway, radiation and chemotherapy, or
surgical debulking (controversial)

Primary Lymphoma of the Thyroid

* most commonly, non-Hodgkin B-cell tumors

e associated with Hashimoto’s thyroiditis

e Dx: difficult to distinguish lymphoma from Hashimoto’s thyroiditis
by FNA alone, therefore a confirmational open biopsy is required
along with lymphoma staging workup (see “Lymphoma,” pp. 330-332)

e Rx: chemotherapy and radiation, surgery is usually not indicated
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Thyroidectomy

Introduction

preferable for patient to be euthyroid at time of surgery to avoid
thyroid storm (see below)

Endoscopic and Transaxillary Robotic Thyroidectomy: avoids
a visible incision (transaxillary), requires specialized training, may
increase operating time, gas dependent techniques may cause
subcutaneous or mediastinal emphysema

may consider preoperative potassium iodine (Lugol’s solution) to
reduce vascularity of thyroid gland before total thyroidectomy for
Graves’ disease

Indications

suspicion of malignancy

compression symptoms (airway compromise, dysphagia)
extension into mediastinum

cosmesis

failed medical management for Graves’ disease or hyperthyroidism
pregnancy in Graves' disease or Hashimoto’s thyroiditis

Postoperative Complications

Hematoma: may present as respiratory compromise from
compressive effect; Rx: for respiratory distress immediately remove
sutures and open wound; for large hematomas control bleeding in
operating room and place suction drains; for smaller hematomas
may be observed (place on antibiotics) and aspirate contents after
liquification (7-10 days)

Vocal Fold Paralysis: RLN or SLN injury (SLN injury more
common), prevent by identifying nerve; Rx: if discovered
intraoperatively, may consider primary anastomosis (see also pp.
122-125 for further management)

Transient or Permanent Hypocalcemia: if parathyroid is removed
intraoperatively, cut into fragments and replace into adjacent muscle
bed (sternocleidomastoid or brachioradialis muscles), prevent by
identifying glands; Rx: persistent hypocalcemia requires chronic
calcium supplementation

Thoracic Duct Injury: rare, results in chyle leak or fistula (see p. 283
for management)
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Thyroid Storm

* Thyroid Storm: acute extreme state of thyrotoxicosis
(life-threatening)

* Etiology: surgery (thyroidectomy), trauma, childbirth, infection,
untreated hyperthyroidism, radioactive iodine treatment, diabetic
ketoacidosis, vigorous palpation of thyroid gland

* 20-50% mortality

e SSx: sudden fever, profuse sweating, tachycardia, nausea, abdominal
pain, tremors, restlessness, psychosis, coma, stupor

e Dx: H&P

* Rx

1. immediate administration of iodine, propylthiouracil,
propranolol, and corticosteroids

2. supportive measures (glucose-containing IV fluids, cooling
blanket, supplemental oxygen, antipyretics)

3. ICU admission (cardiac monitoring)

Thyroid Goiter

Introduction

* Causes: iodine deficiency, thyroiditis (autoimmune, infectious),
malignancy, benign cysts and adenomas, goitrogens (soybeans,
lithium, iodides), excess iodine (Wolff-Chaikoff effect), lithium,
granulomatous disease, TH resistance

SSx: thyroid fullness, compression effects (hoarseness, dysphagia,

respiratory distress), may have signs of hypo or hyperthyroidism (see
below), may be tender (thyroiditis)

Initial Workup: consider CT especially if substernal or in the
presence of compressive symptoms or U/S; for palpable nodules (see
workup above); screening TSH and free T

Ancillary Tests: consider thyroid-stimulating autoantibodies, ESR,
calcitonin, and antithyroid peroxidase (antimicrosomal antibodies);

barium swallow to evaluate esophageal obstruction; spirometry for
airway obstruction

Diffuse Colloid Goiter (Adenomatous
Goiter, Multinodular Colloid Goiter)

* more common in women

* Pathophysiology: iodine deficiency— TTSH — chronic thyroid
hyperplasia and involution — multinodularity

¢ Toxic Nodular Goiter (Plummer’s Disease): variation of diffuse colloid
goiter in which one nodule is hyperfunctional resulting in hyperthyroidism
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* Types
1. Endemic Goiter: iodine deficiency, extrinsic goitrogens
(soybeans, lithium, iodides)
2. Sporadic: uncertain etiology
* SSx: multiple nodules of varying size, may present with compressive
symptoms (stridor, dysphagia)
e Dx: as above
* Rx: hormonal suppression may be considered for small
goiters (requires careful monitoring with serum TSH to avoid
hyperthyroidism, arrhythmias and osteoporosis); iodine replacement,
if deficient, will reverse goiter; radioactive iodine therapy or surgical

excision (subtotal thyroidectomy) may be considered for cosmesis,
decompression, concern of malignancy, or toxicosis

Mediastinal (Substernal) Goiter
* DPathophysiology: intrathoracic extension of thyroid gland (inferior

extension is the path of least resistance)

e SSx: dyspnea, stridor, dysphagia, choking, superior vena cava
syndrome

e Dx: CT/MRI of neck and chest, radionuclide scanning

* Rx: surgical excision, often able to access with finger dissection
from a standard incision, although a sternotomy may be required
(cardiothoracic surgery consult)

Hyperthyroid Disease

Symptoms

¢ Elevated Metabolic Rate: weight loss, fatigue, sweating, heat
intolerance

e Increased Sympathetic Activity: palpitations, tachycardia, tremor
e Increased Protein Degradation: weakness, fine hair

* Neurologic Effects: increased deep tendon reflex, nervousness
* Reproductive Effects: abnormal menstrual cycle, decreased libido

Most Common Causes

¢ Graves disease

* multinodular or uninodular toxic goiter

* subacute thyroiditis

* exogenous from medications, iodine induced
e thyroid cancer

* pituitary tumors
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Graves’ Disease

Pathophysiology: thyroid-stimulating immunoglobulins (TSIs) —
stimulate glandular hyperplasia via TSH receptor — goiter and TT;
and T secretion

Risks: radiation exposure, women (adolescence or 30—40-year-olds),
genetic disposition

Histopathology: hyperplasia, increased colloid material, papillary
projections

SSx: diffuse goiter, hyperthyroid symptoms (see above), infiltrative
dermopathy, exophthalmos (autoimmune — extraocular muscle
deposition), blindness from optic neuropathy, pretibial myxedema,
acropachy (clubbing of fingers from osteoarthropathy)
Complications: secondary effects of hyperthyroidism (osteoporosis,
heart failure, arrhythmias, thyroid storm), vision loss

Dx: thyroid-stimulating immunoglobulin levels; TT3, T,, RAIU, and
thyroglobulin; dserum TSH; radioactive iodine scan reveals diffuse
uptake

Treatiment

Radioactive Iodine (**'I): most common therapy, risk of
hypothyroidism, contraindicated in pregnancy

Propylthiouracil and Methimazole: (see above) may be considered
for small goiter and mild disease

Propranolol: (see above) may be supplemented for severe symptoms
Subtotal Thyroidectomy: indicated for failed medical therapy,
pregnancy (especially in second trimester), noncompliance, suspicious
nonfunctioning (“cold”) nodule, compressive symptoms

Management for Exophthalmos and Optic Neuropathy

ophthalmology evaluation

artificial tears, tape retracted lids, protective eyewear

if optic neuropathy persists despite medical therapy, trial
corticosteroids for 2 weeks; if no improvement, then surgical
decompression

if exophthalmos persists after 6 months despite adequate therapy,
radiation therapy or surgical correction (orbital decompression, eyelid
retraction release, strabismus surgery) is performed

surgical decompression includes transnasal endoscopic approaches
to the medial and inferior orbital wall combined with external
decompression by ophthalmology
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Hypothyroid Disease

Symptoms

* Reduced Metabolic Rate: weight gain, cold intolerance, lethargy

* Decreased Sympathetic Activity: bradycardia, constipation

* Decreased Protein Degradation: weakness, coarse hair, hoarseness

¢ Decreased Neurologic Response: slowed deep tendon reflex,
depression

* Myxedema: nonpitting edema

e Cretinism: hypothyroidism in children; mental retardation, impaired
physical growth, macroglossia, protuberant abdomen

* Myxedema Coma: severe hypothyroidism; hypothermia,
hypoglycemia, hypoventilation, ileus, death; Rx: parenteral

levothyroxine, corticosteroids

Causes

* radiation therapy

* idiopathic atrophy

* Hashimoto’s thyroiditis, other thyroiditis

e surgical or radioiodine ablation therapies

¢ secondary hypothyroidism (pituitary or hypothalamic dysfunction)

* jodine deficiency

* Congenital Hypothyroidism: from maternal use of iodine-
containing expectorants, antithyroid medications, and antithyroid
antibodies

Thyroiditis (see Table 4—4)

Subacute Granulomatous Thyroiditis (de Quervain’s)

* most common cause of painful thyroid

e Pathophysiology: may be viral (mumps, coxsackievirus) or postviral
inflammatory response

* SSx: painful, mildly enlarged thyroid, self-limiting, malaise, may
have flulike symptoms prior to thyroid tenderness

e Dx: history, TFT (may be transiently hyperthyroid initially, and
transiently hypothyroid in the recovery phase)

e Rx: anti-inflammatory agents (NSAIDs), may consider
corticosteroids, observation
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TABLE 4—4. Clinical Differences Between Thyroiditis Conditions

Condition Subacute Hashimoto’s  Riedel’s Suppurative
Incidence common common rare rare
Thyroid hyper- then  hyper- then hypothyroid =~ —
hormone status  hypothyroid  hypothyroid

Onset acute gradual gradual rapid

Pain common none rare common
Goiter rare common hard gland rare

Hashimoto’s (Chronic Autoimmune,
Chronic Lymphocytic) Thyroiditis

* most common cause of hypothyroidism in the United States

* associated with lymphoma, neoplasms, other autoimmune disease
(SLE, Sjégren syndrome, scleroderma)

e Pathophysiology: antithyroglobulin and antimicrosomal Ab — anti-
TSH receptor — transient hyperthyroid then hypothyroidism

* Risks: women, genetic susceptibility (HLA-DR3), Sjégren’s, DM,
pernicious anemia

e Histopathology: fibrosis, lymphocytic infiltration

e SSx: slowly enlarging goiter, painless, symptoms of hypothyroidism
(myxedema, weight gain, constipation) although may be subclinical

e Dx: antithyroid peroxidase (anti-TPO, antimicrosomal antibodies),
anti-Tg, ESR, TFT (may have elevated, normal, or low serum levels
of T, and TSH); FNA only for prominent nodules suspicious of
carcinoma or lymphoma that do not resolve with medical therapy

e Rx: long-term thyroxine therapy with TFT monitoring; surgical
excision for compressive symptoms, suspicious nonfunctioning
(“cold”) nodule, and pregnancy

Other Thyroiditis

¢ Acute Suppurative Thyroiditis: uncommon; Rx: IV antibiotics,
consider drainage of any abscess

Painless Thyroiditis: like subacute (self-limiting hyperthyroid) but
painless, common in women postpartum

Riedel’s Thyroiditis: thyroid fibrosis of unknown origin, “rock-hard”
thyroid, produces local pressure and hypothyroidism; Rx: hormone

replacement, may consider surgical release at isthmus
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PARATHYROIDS
Anatomy and Physiology

Anatomy

* Superior Parathyroids: most commonly located in the posterolateral
aspect of the superior pole, 1 cm above the intersection of the
recurrent laryngeal nerve and the inferior thyroid artery

¢ Inferior Parathyroids: more variable location, most commonly
located 1-2 cm from the entrance of the inferior thyroid artery into
the lower thyroid pole (may also be associated with the superior
thymus)

e cach parathyroid weighs 20-40 mg

e Embryology: see p. 605

e Vasculature: inferior thyroid artery — inferior and superior
parathyroid arteries (superior parathyroid arteries may also arise from
superior thyroid artery)

Calcium Physiology

e serum calcium is 46% ionized and 46% bound to albumin (H+
competes with protein binding of calcium, therefore acidosis Tionized
calcium)

* 99% of calcium is stored in bone

e Vitamin D: precursor vitamin D; (cholecalciferol) formed in the
skin after exposure to ultraviolet light, activated by 25-hydroxylation
in the liver and 1-hydroxylation in the kidneys (stimulated by PTH);
stimulates calcium and phosphate absorption in the intestine (minor
effect of bone resorption and kidney reabsorption)

* Parathyroid Hormone (PTH): formed in the parathyroid
glands initially from preproparathyroid hormone — cleaved to
proparathyroid hormone — cleaved to mature PTH; regulated by
negative feedback loop from increased serum calcium; increases
serum calcium and decreases serum phosphate (PTH: Phosphate
Trashing Hormone) by stimulating osteoclastic reabsorption of bone
(TCa), increasing calcium absorption in the kidney (TCa), activating
25-hydroxyvitamin D to 1,25-dihydroxyvitamin D (TCa), and
increasing phosphate excretion ({PO,)

¢ Calcitonin: produced by thyroid parafollicular cells (C-cells), inhibits
calcium reabsorption from bone and increases kidney clearance of
calcium and phosphate
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Hyperparathyroidism and Hypercalcemia

Hypercalcemia
* Causes: hyperparathyroidism and think “CHIMPANZEES" for other

causes of hypercalcemia (see Table 4-5)

Signs and Symptoms

* “Stones, Bones, Groans, Psychiatric Overtones:” nephrolithiasis,
osteitis fibrosa cystica, cholelithiasis, confusion

Renal: polyuria, nephrolithiasis, nephrocalcinosis

Gastrointestinal: constipation, dyspepsia, pancreatitis
Musculoskeletal: muscle weakness, bone and joint pain (osteitis
fibrosa cystica, calcific tendonitis)

Central Nervous System: slow mentation, fatigue, depression, poor

memory, psychosis
Cardiovascular: shortened Q-T interval, heart block, hypertension

Medical Management of Hypercalcemia

* Saline Diuresis: restores extracellular fluid volume and promotes
calcium excretion, loop diuretics can also be given (thiazides impair
calcium excretion)

Bisphosphonates: inhibit bone resorption, calcium serum levels

decrease over several days

¢ Calcitonin: rapid onset (serum calcium falls within hours)

* Glucocorticoids: inhibit calcium intestinal absorption, may be
effective for hypercalcemia secondary to malignancy

TABLE 4-5. Causes of Hypercalcemia: CHIMPANZEE

Calcium: exogenous

Hyperparathyroidism

Immobility

Metastasis to bone

Paget’s discase

Addison’s disease

Neoplasms: typically solid tumors (prostate, lung, colon, breast cancers)
Zollinger-Ellison syndrome (hypergastrinemia)

Excess: vitamin A or D, thiazides, lithium, estrogens, milk-alkali syndrome

Endocrine disorders: familial hypocalciuric hypercalcemia, hyperthyroidism,
pheochromocytoma

Sarcoidosis: also other granulomatous diseases (tuberculosis and berylliosis)
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* Gallium Nitrate: inhibits bone resorption; used for parathyroid
carcinoma
* Hemodialysis: indicated for life-threatening conditions

Types of Hyperparathyroidism
Primary Hyperparathyroidism

¢ clevated serum PTH causing hypercalcemia

* Benign Adenoma: most common (~85%), single adenomatous
gland; Rx: medical management for hypercalcemia and
parathyroidectomy (see below)

e Parathyroid Hyperplasia: associated with MEN 1 & 2a (see
Table 4-3), familial hypocalciuric hypercalcemia (FHH, autosomal
dominant, abnormally high PTH from impaired calcium serum

detection, increased renal calcium absorption; detected by calcium-
to-creatinine clearance ratio <0.01; surgery not indicated), familial
hyperparathyroidism; Rx: medical management for hypercalcemia and
parathyroidectomy (see below)

* Carcinoma of the Parathyroid Gland: rare tumor; suspect with
a palpable, gray mass, vocal fold paralysis, or severe hypercalcemia;
Rx: en bloc resection including thyroid lobectomy; monitor for
recurrence with serial serum calcium levels

Secondary Hyperparathyroidism

* clevated serum PTH with hypocalcemia

* compensatory parathyroid hyperplasia causing peripheral resistance to
PTH secondary to malfunction of another organ system

* Causes: chronic renal disease (most common), osteogenesis
imperfecta, Paget’s disease, multiple myeloma, bone metastasis,
pituitary adenomas

* Rx: address underlying cause, cinacalcet

Tertiary Hyperparathyroidism

* persistent elevated serum PTH (may have normal or low calcium)

* autonomous or irrepressible PTH production (parathyroid
hyperplasia from secondary hyperparathyroidism, persistent
hyperfunction despite correction)

* Rx: consider parathyroidectomy

Evaluation

* Contributing Factors: family history of MEN disorders, radiation
exposure
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e Serum Electrolytes: ionized calcium (should be elevated at 3 different
times), magnesium (typically low), chloride (usually elevated from
PTH-induced bicarburia), and phosphate (typically low)

e Intact PTH levels: immunoradiometric assay, “intact” PTH allows
differentiation of primary hyperparathyroidism from hypercalcemia of
malignancy (tumors secrete a larger protein)

e Plain Films: brown tumors (osteitis fibrosis cystica), loss of lamina,
resorption of terminal phalanges, soft-tissue calcification, CXR
(granulomatous diseases or metastasis), abdominal film (renal calculi)

* Others Labs: alkaline phosphatase (suggests bone disease),
BUN/creatinine (renal function), 24-hour urine calcium (allows
calculation of calcium-creatinine clearance to distinguish primary
hyperparathyroidism from FHH), TFT, ACE levels (sarcoidosis),
serum prolactin and gastrin and urine catecholamines and metabolites
(evaluate for MEN syndromes)

Localization

¢ Thallium-Technetium Subtraction (Sestamibi Scan): thallium
uptake by thyroid and parathyroid, technetium uptake by thyroid
gland only, parathyroid glands identified by computer subtraction;
up to 90% sensitivity (less accurate for gland hyperplasia, associated
thyroid disease, or small glands)

* High-Resolution Ultrasound: cannot locate mediastinal,
retrotracheal, retroesophageal, or small nodes

¢ Selective Venous Catheterization for PTH: reserved after
exploration has failed

e CT/MRI: poor resolution, MRI more useful in identification of
glands

Surgical Management

e surgery is the only definitive cure for parathyroid adenoma,
avoids long-term complications of nephrocalcinosis and bone
demineralization

e parathyroidectomy is indicated for symptomatic (bone pain,
pathologic fractures, ectopic calcifications, intractable itching, etc.)
or persistently elevated serum calcium >1 mg/dL above upper limit
of normal, reduced creatinine clearance (>30% compared to age-
matched controls), or reduced bone mineral density (>2.5 standard
deviations below peak bone mass)

e Surgical Theory: obtain intra-operative PTH (IOPTH) before
incision, remove presumed pathologic gland, check IOPTH 10
minutes later for reduction >50% and/or into the normal range
(criteria varies); if persistently elevated check another IOPTH or
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perform four gland exploration with subtotal (3% glands) or total
parathyroidectomy with autotransplantation

* some surgeons advocate routinely performing four gland exploration
even if scans are negative (controversial)

* autotransplantation requires 20 mg of morselized parathyroid tissue
for implantation into muscle bed (usually into steroncleidomastoid or
forearm)

* Radioguided Parathyroidectomy: may be considered for an
adenoma identified on a Sestamibi scan; tracer is injected 1.5-3 hours
prior to surgery, a gamma probe is utilized intraoperatively to identify
abnormal gland

Complications

* Persistent Hypercalcemia: most commonly from missed
adenoma (the most commonly missed location is the posterior
mediastinum), also from supernumerary gland, second adenoma,
failed recognition of parathyroid hyperplasia, incorrect diagnosis,
and residual adenoma

* Postoperative Hypocalcemia and Hypomagnesemia: usually
temporary until replacement of low bone-calcium stores (increased
risk with elevated alkaline phosphatase); Rx: if persistent may
require long-term calcium and vitamin D supplementation

* Nerve Injury and Hematoma: see above

Hypoparathyroidism and Hypocalcemia

Hypocalcemia

* Causes: hypoparathyroidism (see below), vitamin D deficiency (renal
failure, impaired GI absorption, pancreatic disease), hypomagnesemia,
medications (calcitonin, furosemide, ketoconazole)

Signs and Symptoms

* Neuromuscular: increased neuromuscular excitability or tetany,
numbness and tingling (perioral, fingers, toes), muscle cramps,
hiccups

¢ Central Nervous System: mental changes, irritability, seizures

e Other: cataracts, poor dentition, heart failure, brittle nails and hair

* Chvostek’s Sign: facial twitch elicited by tapping the jaw

¢ Trousseau’s Sign: carpal spasm after 3 minutes of inflation of a
pressure cuff >20 mm Hg above patient’s systolic pressure
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Hypoparathyroidism

* uncommon acquired disease

* most common cause is iatrogenic (thyroid or parathyroid surgery)

* DiGeorge Syndrome: congenital abnormality of the third and
fourth branchial pouches; causes agenesis of the parathyroid glands
(may also be associated with athymia)

Pseudohypoparathyroidism: caused by end-organ resistance to the
effects of PTH

* Rx: calcium and vitamin D supplementation
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SLEEP PHYSIOLOGY

Sleep Wake Cycles

* Homeostatic Drive (Process S): promotes sleep, increases while
awake, decreases with NREM sleep

Circadian Rhythm (Process C): promotes wakefulness, peaks at late
morning during warming (4-8 hours after minimal core temperature
around 4-5 AM) and early evening (around 6-8 PM during maximal
core temperature); adjusted daily through entrainment (see following)

o Zeitgeber: a recurrent environmental cue or cycle that is capable of
entraining a circadian rhythm (light—dark cycle is the most common)
in a constant condition in humans ~24.2 hours (“free running”)
Entrainment: coupling of a biological rhythm to a zeitgeber
Circadian Physiology: retinal ganglion cells are stimulated by

light (blue, green); contain melanopsin — suprachiasmatic
nucleus (SCN), which is the principal coordinating pacemaker —
hypothalamus — output hormones (cortisol and TSH; melatonin)
Core Body Temperature: synchronized to circadian rhythms;
core body temperature minimum (CBTmin) occurs 2 hours before
waking, typically 4-5 AM; highest core temperature (CBTmax)

occurs around 6-8 PM; wakefulness promoted during warming and
sleep onset occurs with cooling

Dim Light Melatonin Onset: time when melatonin levels start to
rise, 2—3 hours before habitual bedtime

Endocrine Function

¢ Strongly Circadian Modulated: cortisol and thyroid stimulating
hormone (TSH)

e Strongly Sleep Modulated: growth hormone, prolactin, TSH, LH/
FSH, and testosterone

* First Half of Sleep: TGH, lcortisol/ACTH, TTSH, Tprolactin

e Second Half of Sleep: GH, Tcortisol/ACTH, 4 TSH, TTprolactin

e Growth Hormone (GH): large burst first half of sleep, N3 (1.5-3.5
hours after sleep), less during the second half of sleep; GH causes
Tslow wave and TREM sleep; sleep deprivation causes JGH (sleep
modulated)

* Adrenocorticotropic Hormone (ACTH) and Cortisol: inidally
cortisol levels decline with sleep then rise, peak at midmorning (8 AM),

then decline with a nadir near sleep onset; sleep fragmentation causes
Tcortisol (circadian modulated); however, sleep deprivation has a

Ipeak level and Tnadir
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* Thyroid Stimulating Hormone: peaks after onset of sleep then
decreases with sleep, stays low during the day; sleep deprivation and
awakenings causes TTSH (circadian modulated), but NREM sleep
inhibits the secretion of TSH (sleep modulated); hypothyroidism
associated with OSAS, CSA, and sleepiness

* Prolactin: increases with sleep (sleep modulated) with increased
levels during the second half of sleep; sleep fragmentation and sleep
deprivation causes dprolactin, while hypnotics and benzodiazapines
cause Tprolactin; hyperprolactinemia causes Tslow wave sleep

e LH/FSH: no secretory sleep pattern in adult women, but in
adolescence and in men LH rises during sleep (sleep modulated); LH
may decline in sleep during the follicular phase of the menstrual cycle

Glucose/Insulin: sleep Tserum glucose and insulin (stabilizes glucose
during sleep when not eating), sleep restriction dinsulin response
(insulin resistance)

Hypocretins/Orexins: promote wakefulness, stimulate hunger

s Leptin: Lhunger, proportional to body fat (released from adipocytes),
“fat burner,” rises after food, sleep restriction causes lleptin,

(weight gain); obesity has high levels but may be resistant to leptin;
narcoleptics have lower leptin (“L” = “leptin, lean, lipocytes”)
Ghrelin: Thunger (rises before meal times), circadian regulated,
increases at night, sleep restriction Tghrelin (weight gain)

* Melatonin: “hormone of darkness,” produced in the pineal gland
(tryptophan — serotonin — melatonin), synthesized during dark
phase but then decreases through the night (circadian modulated,
NOTE: B-blockers may interfere with melatonin production causing
insomnia)

* Renin: increases during NREM (along with antidiuretic hormone to
prevent nocturia) and decreases during REM

Testosterone: sleep modulated, peaks after sleep onset

Effects of Sleep Deprivation
Acute Sleep Deprivation

* most important consequences are sleepiness causing mood disorders,
safety issues, hyperactivity in children, poor attention and cognition
(J/lcarning), errors of omission (lapsing), errors of commission (false
reports, “psychosis”)

* slows cerebral glucose metabolism — slurred speech, tremors,
hyperactive deep tendon reflexes (although sluggish corneal reflexes)

+ TSympathetic Activation: Tcortisol in the late afternoon and
evening (at the nadir, normally peaks in the morning), Tghrelin
(weight gain), and insulin resistance
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Hormonal Changes: {GH, Tevening cortisol, TTSH, {prolactin,
J/lcptin (weight gain), Jinsulin
. TProinﬂammatory Markers: IL-1, IL-6, TNF-a
* EEG Changes: lalpha activity, Tdelta and theta waves (can be

present during wakefulness), no changes in beta
* may reduce immunological function: lcirculating lymphocytes, dcell
migration, ymacrophage nitric oxide production
Recovery Sleep PSG Findings

1. Day 1: Tslow wave sleep, Isleep latency, unchanged or \REM

duration, Jalpha activity

2. Day2: TREM sleep

3. Day 3: normal sleep architecture
e NOTE: lack of REM sleep does not distinctly cause symptomatic
sleepiness

Chronic Sleep Restriction (<4—6 hours/night)
o PSG: Isleep latency, REM (may be absent), N2 but only

slight increase in slow wave sleep (unlike acute sleep deprivation),
“microsleeps” (N1 interrupts sleep)

* Recovery PSG: requires >3 nights of restorative to recover, TREM
(eg, TREM after placing OSAS patient on CPAP)

» loculomotor responses, 4 psychomortor vigilance testing (although
there is significant individual variability)

o TBMI from nglucosc intolerance, Tghrclin, and \Lleptin

* Endocrine/Inflammation: similar to acute phase

e elderly have less effect from sleep deprivation

Sleep Fragmentation

e frequent brief arousals (even in the absence of EEG changes) cause
daytime sleepiness

* sleepiness is more affected by sleep fragmentation than sleep stages

* if the arousals are >10 minutes apart, the effect is less (therefore
restorative sleep requires 210 minutes)

POLYSOMNOGRAPHY (PSG)

(based on the AASM Manual for Scoring of Sleep and Associated Events,
2017)

Introduction

e typically 2-3 EEG derivations are required to monitor activity
from the frontal, central, and occipital regions (individual electrode

impedance <5 kQ)
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EEG measures postsynaptic potentials from the gigantic pyramidal cells
EOG measures left and right eye movement (cornea = positive charge,
retina = negative charge)

submental EMG records chin movement (used to determine phasic
REM)

airflow may be determined by changes in temperature, pressure, end
tidal CO,, or an algorithm from efforts signals

apnea is best measured by an oronasal thermosensor

hypopnea is better measured by nasal air pressure transducer
respiratory effort is measured by esophageal manometry (best),
intracostal EMG, or respiratory inductive plethysmograph (RIP,
indirect measure of airflow, calculated by the sum of changes in the
thoracic and abdominal cross-section area)

Impedance: measures the contact of the electrode with the skin
(should be <5 kQ)

Home (Portable) PSG: may be considered if moderate to severe
OSAS is suspected (high pretest probability); contraindications

include significant medical comorbidities, suspicion of central events,

or symptoms of other sleep-related disorders (eg, narcolepsy); not to
be used as a screener for asymptomatic patients
Types of PSG
I. attended, all channels, in lab
II. unattended, all channels in the home (typically impractical)
III. unattended, 4-channels (airflow, abdomen/chest movement,
pulse oximeter, ECG/pulse), standard “home sleep study”
IV. unattended, 1-2-channel (not used)

EEG Waves and Rhythms
(see Figures 5—1 and 5-2, and Table 5-1)

Beta Rhythm: highest frequency, low amplitude desynchronous EEG
waves (13—30 Hz, seen in active wakefulness)

Alpha Rhythm: EEG sinusoidal waves (8—12 Hz) maximal over the
occipital region (seen in relaxed, eyes closed wakefulness, W)
Theta Rhythm: EEG waves (4-8 Hz, N1, N2), predominant
background of sleep

Delta Rhythm: EEG waves (1-4 Hz, N3), >75 pV amplitude
Low Amplitude, Mixed Frequency Activity (LAMF): waves with
low amplitude with frequencies typically from theta waves 4-7 Hz
(N1, REM)

Vertex Sharp Waves (V waves): sharp negative EEG wave

<0.5 seconds, maximal over the central/vertex region (N1)
K-Complex: triphasic wave (sharp negative, upward, then positive,
downward, then negative) lasting 20.5 seconds (N2) maximal over
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the frontal region (NOTE: commonly seen before an arousal but not
counted in staging)

e Sleep Spindle: series of rapid frequencies (11-16 Hz) lasting 0.5 Hz
(N2) maximal in central/vertex region, produced in the reticular
nucleus of the thalamus; pseudo-spindles (drug spindles), which are
longer in duration and a higher frequency, may be seen in N2 with
benzodiazepines and antidepressants

¢ Slow Wave Activity: EEG waves with slow frequency 0.5-2.0 Hz and
peak-to-peak amplitude >75 pV maximal over the frontal region (N3)

* Sawtooth Waves: triangular waves 2—6 Hz, maximal over the central
region (R)

* Epileptiform Discharges: initial “spike and wave” sharp wave
followed by a slow wave

* Interictal Spikes: associated with focal epilepsy, may appear like an
electrode pop artifact

* Alpha Intrusions: alpha seen in nonwake sleep or REM; may be
from chronic pain, rheumatoid arthritis, postsurgical; may represent
nonrestorative sleep

Eye Movements

Eye Blinks: sharp vertical eye movements with eyes open or closed (W)
* Slow Eye Movement (SEM): conjugate, regular sinusoidal eye
movements (lasts >0.5 seconds) (N1)

Rapid Eye Movement (REM): conjugate, sharply peaked eye
movements lasting <0.5 seconds (R but may also be seen in
wakefulness when scanning)

Stages of Sleep (see Figures 5-1 through 5-2 and Table 5-1)

* Epoch: typically 30 seconds of sleep, stage is assigned to each epoch

e Sleep Onset: first epoch staged other than stage W (typically first
stage N1)

* Stage W (Wakefulness/Drowsiness): primarily alpha waves in
occipital leads

o Stage N1 (NREM1): primarily low amplitude, mixed frequency
(LAMF), and slow eye movements; may also have vertex sharp waves,
~<5% of sleep, transitional sleep (“drifting off,” easily awakened)

* Stage N2 (NREM2): presence of a spontaneous K-complex (without
an arousal occurring within 1 second of the end of the K-complex) or
sleep spindle in the first half of the epoch; ~50% of sleep

* Stage N3 (NREM3): 220% (6 seconds) of slow wave activity
(0.5 Hz-2 Hz, >75 pV amplitude), typically minimal eye movements;
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~10% of sleep; deepest, restorative sleep; occurs mainly in first half
of the night

¢ Stage R (REM): low EMG tone (chin), REM, low amplitude,
mixed frequency (similar to N1) may have saw tooth waves (phasic
REM includes REM, tonic REM does not have REM); ~25% of

sleep; occurs more often and with greater length with more sleep time
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FIGURE 5-1. Polysomnogram tracings for cach of the five sleep stages including
electroencephalography (EEG) channels, right and left electrooculography (EOG),
and surface electromyography (EMG). The six different EEG channels are labeled
by location: frontal (F), central (C), and occipital (O). A. One epoch of wakeful-
ness (W) with representative alpha waves in all of the EEG leads; B. One epoch of
Stage N1 with low amplitude, mixed frequency waves in the EEG leads as well as
the beginning of slow eye movements in the EOG leads; C. One epoch of classic
Stage N2 with both K-complexes and sleep spindles more prominent in the frontal
EEG leads; (continues)
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FIGURE 5-1. (continued) D. One epoch of Stage N3 with characteristic delta
(slow-wave) activity in the EEG leads; E. One epoch of phasic REM stage sleep
with the presence of rapid eye movements in the EOG leads, decreased tone in
the EMG chin leads, and a background low amplitude, mixed frequency EEG

(similar to N1).

TABLE 5-1. Key Characteristics of Sleep Stages

Stage  PSG Characteristics Clinical Characteristics % of Sleep

W [B-waves and 0.-waves in wakefulness and —
relaxed state drowsiness

N1 LAME, vertex, and transitional sleep, drifting <5%
6-waves, slow eye off, easily awakened
movements

N2 K-complexes and spindle intermediate sleep, ~50%
waves awakened by sound

N3 >20% slow wave deep sleep, restorative ~10%
(8-waves), minimal eye sleep, first half of the night
movements

R LEMG tone, +REM, easily awakened, stage ~25%

LAMEF (N1 like), saw
tooth

occurs more often and for
longer with more sleep
time
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Respiratory Scoring Data

* Apnea: drop in oronasal thermal sensor >90% of baseline lasting
210 seconds (no oxygen desaturation or arousals required)

* Hypopnea: nasal air pressure decreases by 230% of baseline lasting

210 seconds, associated with a 24% oxygen desaturation, no arousal

required (“30-4” criteria); alternative definition requires 230%

of baseline lasting 210 seconds, associated with a 3% oxygen

desaturation or an arousal, similar criteria for pediatrics, (“30-3/

arousal” criteria)

Respiratory Effort-Related Arousal (RERA): an arousal that is

preceded by increased respiratory effort lasting 210 seconds that does

not meet criteria for an apnea or hypopnea

Obstructive Apnea: apneic event associated with increase in

respiratory effort throughout event (see Figure 5-3)

Central Apnea: apneas without associated respiratory effort (see

Figure 5-3)

* Mixed Apnea: apneic event that begins with an absent respiratory
effort (central apnea), but effort resumes in the last portion of the
event (see Figure 5-3)

* Indices

1. Apnea Index (AI): measures apneas/hour only
2. Apnea Hypopnea Index (AHI): measures apneas and
hypopneas/hour
3. Respiratory Distress Index (RDI): measures apneas,
hypopneas, and RERAs/hour
Cheyne-Stokes Breathing: 3 cycles of crescendo and decrescendo
breathing amplitude lasting 10 minutes with a cycle length of 240

seconds or associated with 25 central apneas or hypopneas 22 hours

* Hypoventilation: increase in arterial PCO, to >55 mmHg for 210
minutes or 210 mmHg change in arterial PCO, from sleep exceeding
>50 mmHg for 210 minutes

Movement Scoring Data

* Leg Movement: increase in the anterior tibialis EMG lasting between
0.5-10 seconds (not scored if during an apneic episode)

* Periodic Leg Movement (PLM): 4 leg movements occurring within
5-90 seconds of each other (not scored if before or after 0.5 seconds
of a respiratory event) redefine below

* Alternate Leg Muscle Activation (ALMA): >4 bursts of activity
from alternating legs (not commonly measured)

¢ Sleep-Related Bruxism: may be sustained (tonic) or phasic,
measured by elevation of chin EMG for >2 sec, best measured by
masseter muscle



1U245 9y Jo uoniod Ise[ 9Y3 U SIWNSIT 11032 INq 110JJ A103ex1dsa1 USSR UE aIM SUISI] 1UDAD PaXIW
*(eoude [enU2D WOIJ YSO SANENUIYIP YIIYM) s1u24d drdude SurLmp sonunuod 110350 159y “edude doasys aanonnsqo uj ‘eoude doays
paxiw pue ‘edude doays [enuad ‘edude dosys sanonnsqo yrm siuaned 105 sfurpuy weidouwos£jod jo uostredwo)) ‘¢—¢ FYNOIA

. T~

Y

paxIp

T~

\ AN
\———— N

[enua)

>\<<<§\,)7>>\§

BAIONIISIO

cOes

1$8yo

pavy

MO|H

163



164 Otolaryngology-Head and Neck Surgery

* Sustained Muscle Activity in REM Sleep: tonic increase in chin
EMG during REM sleep (>50% of the epoch), seen in REM sleep
behavior disorders

¢ Excessive Transient Muscle Activity in REM Sleep: bursts of phasic
increase in chin EMG during REM sleep, seen in REM sleep behavior
disorders

Other Scoring Data

* Arousal: abrupt shift of EEG >16 Hz lasting at least 3 seconds
(arousal during REM must have an increase in chin EMG 21 second),
must be preceded by 10 seconds of sleep

* Cardiac Parameters: bradycardia <40 BPM, tachycardia >90
BPM (different from awake), asystole >3 second pause, wide
complex tachycardia >100 BPM (seek help) and QRS duration
>120 milliseconds (requires 3 consecutive beats), narrow complex
tachycardia QRS duration <120 milliseconds

o Sleep Efficiency: time asleep/recording time

Pediatric Sleep Scoring (>2 months to 13-18 years old)

e Stage N: occurs when in NREM sleep without ever going into
definable N2—N3 stages (no sleep spindles/K complexes or <20%/
epoch slow wave sleep)

* Dominant Posterior Rhythm (DPR): EEG pattern occurs in
occipital region in children during drowsy wakefulness (replaced
later by alpha rhythm), frequency 3.5-4.5 Hz at 3—4 months then
7.5-9.5 Hz by 3 years old

* Rhythmic Anterior Theta Activity: pattern of 57 Hz theta activity
in the frontal region found in children indicating Stage N1

* Hypnagogic (Theta) Synchronicity: theta waves (high amplitude,
low frequency) found in the onset of sleep in children/adolescence (N1)

¢ Tracé Discontinu (TD): <37 weeks conceptional age (premature),
bursts of high voltage sleep waves (0.5-3 Hz) with interburst interval
activity of long and low amplitude waves; occurs in quiet sleep

¢ Tracé Alternant (TA): >37 weeks conceptional age, similar to TD
with shorter interburst interval (4-5 seconds) with interburst higher
amplitude; also occurs in quiet sleep

* Low Voltage Irregular (LVI): low voltage (14-35 uV, occurs in

active/REM sleep)

Delta Brush: bursts of alpha-like activity during TA/TD, detected at

26 weeks conceptual age

* Apneic Events: do not need to last 10 seconds but, rather, the
duration of 2 baseline breaths
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Multiple Sleep Latency Test (MSLT)

NOTE: central apnea in pediatrics is similar to adults; however, the
event must last 220 seconds or 2 missed breaths with an arousal/
awakening or with a 23% desaturation

Hypopnea Events: nasal air pressure decreases by >30% lasting the
duration of 2 breaths and must be associated with a >3% oxygen
desaturation or an arousal/awakening

RERAs: nasal air pressure flattens and decreases in amplitude but not
230% and is associated with snoring, noisy breathing, increased work
of breathing, or elevation of end-tidal or transcutaneous PCO,
Sleep-Related Hypoventilation: >25% of total sleep time is spent
with PCO, >50 mm Hg

measures the physiological tendency to fall asleep

Indications: narcolepsy, daytime sleepiness

Protocol: patient asked to nap 45 times, allow for 20 minutes of
sleep at 2-hour intervals (stay awake in between naps, minimum 4
naps), first nap 1.5-3 hours after morning awakening or end of PSG,

allow patient to sleep for 15 minutes after sleep onset

conducted after PSG (at least 6 hours of total sleep time to rule out
sleep disordered breathing)

should have 1-2 weeks of regular sleep prior without stimulants
measure sleep latency (“lights out” to sleep) and REM latency (sleep
onset to REM)

sleep defined as >15 cumulative seconds of any stage of sleep in one
epoch

if sleep is achieved, allow 15 minutes of sleep to relieve REM burden
>2 sleep onset REM (SOREM, any REM during a nap) and mean

sleep latency <8 minutes suggests narcolepsy

Maintenance of Wakefulness Test (MWT)

measures a person’s ability to maintain wakefulness in reclined
position in quiet, dimly lit room

Indications: to assess treatment efficacy or for occupational
requirements (drivers, pilots)

previous PSG not required

Protocol: patient asked to stay awake for 4 trials of 40 minutes at
2-hour intervals in a calm, dimly lit room; wake patient if any sleep
(sleep defined as >15 cumulative seconds of any sleep, some protocols
may require 3 consecutive N1 or any one epoch of another stage)
mean sleep latency determines level of impaired ability (may
require subjective decision)
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SLEEP-DISORDERED BREATHING (SDB)
Obstructive Sleep Apnea Syndrome (OSAS)

Introduction

* Diagnostic Criteria (per /CSD-2): 25 respiratory events (apnea,
hypopnea, or RERA)/hour with respiratory effort with symptoms
(e.g., daytime somnolence, snoring, fatigue, insomnia, witnessed
apneic events) or =15 respiratory events/hour with respiratory effort
without symptoms

* 1.5-4% prevalence of OSAS

Pathophysiology: multiple etiologies including anatomical (upper

airway collapse, inability for airway dilators to respond), neurogenic

(sensitivity of chemoreceptors, {.central drive, defective ventilatory
receptors), and high loop gain (abnormal ventilator feedback control)
respiratory effort is the strongest stimulus to an arousal (more than
hypoxia or hypercapnia)

* Risks: obesity, family history, anatomical considerations, elderly (soft
tissue laxity), South Asians, Marfan’s syndrome, myopathies, neural
disease, allergies, ApoE4 allele, males except postmenopausal females
equal males in risk of OSAS ({risk in postmenopausal women
who use hormonal replacement therapy, women also have lower
survival than men with similar AHI), left ventricular heart failure
(independent risk factor)
Stroke: OSAS and snoring increases risk of stroke and stroke leads to
OSAS (may also have CSA)
e OSAS in the Elderly: elderly have less daytime somnolence,

snoring, and associated obesity; less risk of cardiopulmonary

complications; more common in males, however, increase prevalence
in postmenopausal women

* SSx: daytime somnolence, snoring, witnessed apneic events, morning
headache (nocturnal CO, retention), mouth breathing, weight gain,
abnormal motor activity, bruxism, depression, irritability, insomnia,
enuresis (children), sexual dysfunction, nocturnal motor activity

Anatomical Evaluation

* velopharynx most common location of collapse (normal >11 mm)
2/3 incidence of multiple airway collapse at the retropalatal and
retrolingual airway

collapse occurs at the end of expiration (abnormal if >50% collapse)

Muscles that Maintain Patency: tensor palatini, pterygoids,

genioglossus, geniohyoid, sternohyoid
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* Modified Miiller Maneuver: measures collapse of retropalatal and
retrolingual areas; use scope to observe an attempt at inspiration
made with mouth and nose closed (1+ = <25%, 2+ = 26-50%, 3+ =
51-75%, 4+ = 76-100%); abnormal if >50% collapse

* Modified Mallampati Score: performed with tongue extruded; Class
I normal, Class II uvula/tonsils partly visible, Class III base of uvula
only visible/tonsils not visible, Class IV soft palate not visible

¢ Friedman Scale: same as Mallampati except Friedman does not
extrude the tongue

* Fujita Classification: Type I = oropharyngeal collapse, Type
IT = oropharyngeal and hypopharyngeal collapse, Type III =
hypopharyngeal collapse

¢ Cricomental Distance: distance from neck to the bisection of line
from the chin to the cricoid membrane, <15 mm predictive of OSAS

¢ Neck Circumference: >17 inches (male) and >15.5 inches (female);
“short thick necks” most predictive indicator of OSAS

* Waist/Hip Ratio: >0.9 men and >0.85 in women

* Nasal Disorders: septal deflection, obstructing turbinates, allergies

* Other: kyphosis, micro/retrognathia, high arched palate, flat maxilla,

tracheo/laryngo-malacia, enlarged tongue with tongue crenations
(Down’s), hypertrophic parapharyngeal fat pad

* Lateral Cephalometric Analysis: x-ray of the head studying the
relationships of the bony and soft tissue landmarks (rarely utilized)

¢ Sleep Endoscopy: flexible laryngoscopy performed under drug-
induced sleep (propofol), allowing for a more physiological assessment
of upper airway collapse (ie, velopharyngeal collapse, base of tongue
collapse, retroflexed epiglottis); various indications including
complicated or severe OSAS, revisions, suspected hypopharyngeal
involvement

Effects of Untreated OSAS

* Mortality: 2.5x risk of driving accident, 3-6x risk of sudden cardiac
death at night (may not have an effect in overall risk especially during
the day), higher mortality from heart failure

* Morbidity: 3x risk of hypertension with AHI >15 (direct correlation
of causality has not been proven), pulmonary hypertension
(independent of cardiopulmonary disease, although mild), stroke,
insulin resistance, arrhythmias, ischemic heart disease

* 75-100% have gastroesophageal reflux disease (GERD) or
laryngophargeal reflux (LPR) from {intrathoracic pressure (improves
with CPAP)

* many physiological effects are independent of symptoms of sleepiness
(important to treat “asymptomatic” sleep apnea patients with AHI >30)
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Physiological CV Effects in OSAS: Tsympathetic tone, LR-R interval
(tachycardia), TBP variability (Tafterload, Tendothelin), arrhythmias
(sinus arrhythmias most common, also sinus pauses, bradycardia,
PVCs, ventricular tachycardia, AV block), Tmonocyte adhesion index
(causes endothelial injury), Ttransmural pressure from Tnegative chest

pressure (Twall stress, Tatrial sizes, Taortic aneurysm, Taortic dissection)
Physiological Endocrine Effects in OSAS: TC-reactive protein,
Tserum amyloid, Teortisol, LGH, szrolactin

e Immunity: Tother proinflammarory cytokines (TIL—G, CRP, TNF),
which improves with CPAP; JIL-10

Pathophysiology of Increased Cardiac Risk: reoxygenation of

hypoxic tissues — free radicals — altered gene expression —
Tproinflammarory cells (TNF, TL-6, IL-8) and Tadhesion molecules
— endothelial dysfunction

mortality from OSAS in the elderly is less (compensation), although
will have sleepiness, nocturia, and disruptions (improved with CPAP)

Other Types of Obstruction Disorders
* Overlap Syndrome: OSA with COPD, lbaseline PaO, and {VQ

mismatch cause exaggerated desaturations during apneas, Tpulmonary
hypertension, Tmortality than COPD alone

* Obesity—Hypoventilation: daytime hypoventilation (hypercapnia,
PaCO, >45 mmHg) secondary to severe obesity (BMI >40 kg/m?),
not respiratory or neuromuscular disorder; Rx: requires BiPAP (to
improve ventilation)

* Primary Snorer: snoring without significant apneas or hypopneas

* Upper Airway Resistance Syndrome: daytime somnolence
secondary to arousals (RERAs) from upper airway resistance without
apneas/hypopneas

* Complex Sleep Apnea: combination of OSA and CSA, usually
noted after overtitrating CPAP for OSAS or with opiate use

Medical Management of
Obstructive Sleep Apnea

Management Overview

* treat comprehensively, taking into consideration all therapeutic
options, management of subjective symptoms, and possibility of
complex OSAS or concurrent other sleep disorders

* Behavior Modifications: weight loss, abstain from sedatives and

alcohol, positional therapy, safety precautions (avoid driving, heights,
machinery when tired)
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CPAP/BIiPAD: see following

Mandibular Repositioning Device: indicated for snorers and mild to
moderate OSAS; custom devices most effective with $BMI, LAHI,
positional sleep apnea, and significant mandibular protrusion by the
device; risk of temporomandibular joint disease and teeth shifting,

may cause excess salivation; shown to improve Epworth score, high
blood pressure, and heart rate variability

Surgical: see following

modafinil (Provigil) may be considered for residual sleepiness after
therapy

Continuous and Bi-Level Positive

Airway Pressure (CPAP/Bi-PAP)

CPAP: provides positive airway pressure, same level during both

inspiration and expiration, applied via nasal or oronasal mask to
maintain airway patency
CPAP-Compliant Improved Cardiovascular and Pulmonary

Physiological Effects: Toxygen saturation, $pulmonary HTN,
Tfunctional residual capacity, {work of breathing, {nocturnal
recurrent atrial fibrillation and ventricular arrhythmias (PVCs),
\Lcyclic heart rate variations, »Lpreload, lafterload, »Lmortality

from ischemic heart disease, d-atherosclerosis, 4 nocturnal angina,
Tejection fraction; improvements in hypertension of 10 mm Hg
occur with severe OSAS patients and require “all night” CPAP use
independent of sleepiness (improvements within a few weeks); despite
improvement in CV function CPAP does not improve survivability of
heart failure patients unless it suppresses CSA

Other Improved CPAP-Compliant Effects: GERD, erectile

dysfunction, nocturia, depression, marginal improvement in insulin

sensitivity

Titration Parameters: remove apneas, RERAs, hypopneas, PLMs,
hypoventilation, Cheyne—Stokes respiration

>50% noncompliance rate, compliance better if daytime sleepiness
symptoms present, AHI does not correlate with compliance
Increase CPAP Compliance: add humidity, consider a hypnotic
(e.g., eszopiclone), treat nasal congestion/obstruction (septoplasty,
turbinate reduction), desensitization techniques for claustrophobia,
change mask; C-Flex (Continuous Positive Airway Pressure, reduces
pressure on exhalation); minimal improvement with Auto-PAP and
BiPAP devices

BiPAP: provides independent inspiratory positive airway pressure
(IPAP) and expiratory positive airway pressures (EPAP); set EPAP
(lower number) to adjust for the closed-airway apneas (similar to
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CPAP level); IPAP (higher number) set for ventilatory support and
hypopneas, RERAs, and snoring; some modes may set a minimum
rate (ideal for hypoventilatory patients)

BiPAP Indications: pressure support for obesity—hypoventilatory
patients, hypoxemic patients, respiratory muscle (myopathies)

and neurological dysfunction, potential of barotraumas, or poor
compliance with CPAP (although data do not show an increase in
compliance)

CPAP/BiPAP Contraindications: no respiratory drive, risk of
aspiration, hypotension, CSF leak (cribriform plate injury), bullous
lung disease, pneumocephalus, pneumothorax

Auto CPAP (APAP): most commonly uses flow sensors to manage

each breath; mean pressure generally lower, but peak airway pressures
may be higher; contraindicated with CHF, COPD, obesity—
hypoventilation, non-snorers, and patients who are expected to
desaturate due to conditions other than OSAS

supplementary oxygen may be considered for comorbidities (CHE
COPD) and uncorrected desaturations after CPAP/BiPAP

NOTE: in treating severe OSAS, placing a patient on CPAP may
inhibit the respiratory drive, which is stimulated by the respiratory
effort (not hypoxia or hypercapnia), therefore you may have apnea
with severe hypoxia

Surgical Management of
Obstructive Sleep Apnea

Overview

Indications: failed CPAP trial (claustrophobia, pulling mask off

at night, air leak around mask), CPAP not practical (traveler,
noncompliance, unwilling), surgically correctable significant anatomic
upper airway obstruction, snoring, improve CPAP compliance (nasal
procedures),

Relative Contraindications: severe obesity, severe cardiopulmonary

disease, substance abuse, aged, unrealistic outcomes, significant
surgically uncorrectable (unfavorable) anatomy (see following)
multilevel and staged procedures are often required

surgical management often requires a multimodality approach
including weight loss program, follow-up sleep testing (consider
continued CPAP use), and medical management

surgical considerations include the presence of surgically correctable
anatomy (favorable) versus more difficult anatomical findings
(unfavorable), see Table 5-2
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TABLE 5-2. Assessment of Favorable Versus Unfavorable Surgically

Correctable Anatomy

Favorable Unfavorable

Tonsillar Hyperplasia Obesity

Adenoid Hyperplasia Jowling or “Rounded Face”
Hyperplastic Lingual Tonsils (Parapharyngeal Fat, Masseter

Muscle Hypertrophy, East Asi
Elongated Soft Palate uscle Hypertrophy, East Asians)

o Retrognathia/Micrognathia
Nasal Septal Deformities

Macroglossia
Velopharynx >11 mm &

Nasopharyngeal Stenosis or Collapse
Uvular Hypertrophy
Bulky Base of Tongue
Isolated Velopharyngeal Collapse

Large Neck Circumference

Lateral/Posterior Pharyngeal Wall
Collapse

High Arched Palate

* NOTE: surgical “success” is exceedingly controversial and variable
due to non-standardized (arbitrary) definitions of success, difficulty in
stratifying preoperative conditions and postoperative measures, use of
multiple procedures, criticisms regarding the overemphasis on AHI,
no standard follow-up, and challenges in achieving statistical power;
standardization of outcomes data is required

Nasal Surgery/Reconstruction

* Types: septoplasty, turbinate reduction, polypectomy, nasal valve
reconstruction, functional rhinoplasty

e Indications: improve nasal airway, decrease mouth breathing,
nasopharyngeal snoring, improve CPAP compliance by decreasing
pressure requirements

* Advantages: simple procedures with easier recovery, best surgical
methods to improve CPAP compliance, may consider in-office
procedures

e Disadvantages: does not address the oropharynx and hypopharynx
directly (more common levels of significant upper airway collapse)

* Risks: bleeding, septal perforation, atrophic rhinitis, crusting,
cosmetic deformity
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Nasopharyngeal Surgery

Types
1. Adenoidectomy: most common
2. Transpalatal Advancement Pharyngoplasty: requires removal
of palatal bone segment with advancement of soft tissue to gain
superior nasopharyngeal space
3. Maxillary Advancement: technically difficult, see following
Indications: significant nasopharyngeal stenosis or collapse
Risks: bleeding, nasopharyngeal stenosis, oral/nasal fistula
(transpalatal advancement)

Oropharyngeal and Velopharyngeal Surgery

Types
1. Adenotonsillectomy: primary treatment for OSAS in children
2. Palatal Reconstruction Techniques,
Uvulopalatopharyngoplasty (UPPP): various techniques
that reconstruct and reduce the posterior edge of the soft palate
and uvula, often combined with a tonsillectomy; variations
include uvulopalatal flap and palatal advancement flaps; recent
techniques avoid complete uvulectomies and midpalatal resection
to reduce VPI, globus sensation, and voice changes
3. Lateral Pharyngoplasty: various techniques that expand the
lateral diameter by plicating or resecting the palatopharyneus
muscle; may be combined with other oropharyngeal procedures
4. Palatal Stiffening Procedures: includes implants, sclerosing
injections, and radiofrequency ablation procedures; may be
combined with uvulectomy/uvuloplasty; may be completed
in the office; limited benefit for significant sleep apnea,
may address primary snoring with favorable anatomy (non-
obstructing tonsils, limited oropharyngeal and hypopharyngeal
collapse, normal weight)
Indications: significant oropharyngeal (velopalatine) crowding,
snoring; adenotonsillectomy treatment of choice in children (over
CPAP)
Advantages: common procedures with multiple surgical techniques,
addresses snoring directly, easy visualization
Disadvantages: reduction of the soft palate and uvula carries risk
of air leaks with CPAP which can worsen compliance; long-term
results are less favorable possibly due to multilevel obstruction, painful
recovery, globus sensation
Risks: bleeding, scar formation (oropharyngeal/nasopharyngeal
stenosis), flash pulmonary edema (Rx: positive airway pressure,
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possible overnight intubation), voice changes, velopharyngeal
insufficiency (VPI), worsening of TM]J, tooth injury, extrusion of
implants

Hypopharyngeal Surgery
* Types

1.

. Midline Glossectomy: various techniques to reduce midline

Tongue Base Reduction, Lingual Tonsillectomy: various

en bloc resection and reduction techniques to address the
retrolingual space including the use of coblation, radiofrequency,
cautery; also may consider transoral robotic surgery (TORS, see
Jfollowing); risk of dysguesia, injury to the lingual artery, post-op
bleeding, lingual hematoma

soft tissue medial to the neurovascular bundle; risk of injury to
lingual neurovascular bundle, dysguesia, and hematoma

. Genioglossal Advancement: repositions the tongue anteriorly

by advancing a segment of mandible with the genioglossus
attached, does not move the teeth; limited anterior advancement;
risk of relaxation of tongue base, infection, extrusion of hardware,
osteitis, necrosis of bone segment, sublingual hematoma

. Genioglossal Suspension: tongue base is suspended anteriorly

to mandible using various material including sutures, simple
technique; limited anterior advancement; risk of breakage and
relaxation of tongue base

. Hyoid Myotomy and Suspension: hyoid bone is repositioned

anteriorly by releasing infrahyoid muscles and suspending to the
lingual surface of the mandible or to the thyroid cartilage; risk of
breakage, infection, mental nerve injury, relaxation, and hyoid
injury

. Epiglottoplasty, Hyoepiglottoplasty: debulks or stabilizes the

epiglottis, rarely requires neck incision; risk of aspiration; may
also be approached robotically (see below)

. Transoral Robotic Surgery (TORS): utilizes advances in

robotic instrumentation to provide excellent visualization to
access the hypopharynx to address lingual tonsils, tongue base,
and epiglottis; may provide challenges for smaller oral airways
to accommodate bulky oral appliances, may also require nasal
intubation (see also pp. 335-337); risk of hemorrhage of the

lingual artery, hematoma, and dysguesia

e Indications: significant hypopharyngeal obstruction, relative

macroglossia, base of tongue obstruction, retroflexed epiglottis

* Advantages: may be coupled with an oropharyngeal procedure
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Hypoglossal Nerve Stimulator

Surgically implanted device with 3 components:
1. Stimulation Lead: electrode cuff on tongue protrusion branches
of hypoglossal nerve (CN XII)
2. Breathing Sensor: lead placed within intercostal space, senses
respiratory pattern
3. Generator: computer placed in subcutaneous pocket in the
chest, sets pacing
Mechanism: stimulation of select braches of the hypoglossal nerve
during inhaled breathing — genioglossus contraction — tongue
protrusion — improves hypopharyngeal/oropharyngeal narrowing
Indications: multi-level obstruction, oropharyngeal and

hypopharyngeal collapse

Contraindications: concentric collapse of the velopharnyx, central
apneas

Advantages: multilevel treatment, easier recovery than oropharyngeal
soft tissue reconstruction, no external device or mask, titratable with
patient-controlled remote

Disadvantages: permanent foreign body placement, MRI compatibility
risk, risk of infection, clicking sounds or discomfort at night, required
replacement, technically more challenging, requires surgical dissection
in thoracic area

Mandibular and Midface Advancement Techniques

Types: includes various maxillomandibular advancement (MMA)
techniques such as LeFort I and mandibular osteotomies, requires
multidisciplinary approach (oro-maxillofacial surgery)

Indications: obstruction involving the retrolingual and retropalatal
airway

Advantages: considered more effective in addressing the retrolingual/
palatal airway than soft tissue oropharyngeal and hypopharyngeal
techniques; may be performed in 1 stage

Disadvantages: requires osteotomies, prolonged recovery, may change
facial appearance, requires maxillomandibular fixation, may change
occlusion (requiring orthodontics), technically difficult

Risks: bony nonunion, unacceptable facial deformity, occlusion
disorders, TMJ, tooth injury, nerve injury (paresthesia), swelling

Tracheotomy

Indications: noncompliant CPAP use with severe OSAS, obese
patients, cor pulmonale
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Advantages: most effective surgical treatment for sleep apnea
Disadvantages: requires postoperative care, presence of a stoma
Risks: bleeding, infection, pneumothorax, dislodgement, tracheal
stenosis

Central Sleep Apnea (CSA)

Introduction

SSx: similar to OSAS except milder snoring, awaken with choking
sensation, obesity is less common

PSG findings: cessation of airflow for >10 seconds without
identifiable respiratory effort

marked variations in PaCO, but fewer changes in O,

fewer associations with pulmonary and cardiac complications

Rx: treat underlying disorder, CPAP (may increase PCO,), may
consider adaptive servo ventilation (ASV, see following) for Cheyne-
Stokes, nasal oxygen helps in heart failure (but does not eliminate
CSA) and for high-altitude periodic breathing

Pharmacological Treatment for CSA: acetazolamide for high

altitude periodic breathing, respiratory stimulants, short-acting
benzodiazepine decreases arousals

Adaptive Servo Ventilation (ASV): BiPAP that reacts to hypo-

and hyper-ventilatory phases (set IPAP, variable EPAP), indicated

for Cheyne-Stokes breathing and when CPAP does not eliminate
central apneas, provides maximal support during apneas and minimal
support during hyperventilation (not indicated for hypoventilation
patients), used in pain patients on opioids (variable increase in central
apneas)

may occur normally when titrating CPAP (as a “sigh”) and during
wake—sleep transitions

Central Sleep Apnea Mechanisms

Hypercapnic CSA: secondary to obesity/hypoventilation
syndrome, congenital central apnea, central alveolar
hypoventilation, and neuromuscular disease; Lventilatory response
to hypercapnia causes eventual hyperventilation: apneic event —
TPaCO, but also causes 1O, — hyperventilation — LPaCO, -
hypocapnia reaches apneic threshold (PCO, level in which a CSA
occurs) — apneic event = vicious cycle; associated with daytime
hypoventilation (waking TPaCO,)

Normocapnic Mechanisms: transient instability of the drive,
Tventilatory response to hypercapnia (heart failure, stroke, renal



176 Otolaryngology-Head and Neck Surgery

failure, high-altitude CSA) — Tcirculatory time — Tfeedback delay
or Tchemoreflex loop gain (see previous); associated with normal

waking PaCO,

Types of Central Sleep Apnea

Primary CSA: idiopathic, >5 CSA/hour

Cheyne-Stokes Breathing Pattern: waxing and waning tidal volume
pattern of hyperpnea and apneas; may be asymptomatic; associated
with CHE, stroke, and renal failure; presents most commonly in N1
and N2, longer cycle time than primary CSA, arousal may occur
when tidal volume is at the maximum

High-Altitude CSA: normal response with ascent >4,000 meters,

at high levels hyperventilation from hypoxia causes a JPCO,
suppressing ventilatory drive, cycle length of CSA 15-30 seconds;
Rx: descent, oxygen therapy, acetazolamide

CSA Due to Medical Condition/Drug or Substance: opioids (CSA
is chaotic and slow pattern)

Central Apnea Induced by CPAP: temporary response to initiating
CPAP

Hypoventilation Syndrome

abnormal increase in PaCO, during sleep resulting in hypoxia
without apneas/hypopneas

SSx: fatigue, daytime somnolence, erythrocytosis, pulmonary
hypertension

Pathophysiology: hypoxemia caused by lung parenchymal or
pulmonary vascular disease

Causes: lower airway obstruction (emphysema, chronic bronchitis,
nocturnal asthma, chest wall disorders), upper airway obstruction
(neuromuscular), obesity, interstitial lung disease, pulmonary
hypertension, sickle cell anemia, myxedema (hypothyroid), central
drive disorders

Complications: nocturnal hypoxemia, pulmonary hypertension, cor
pulmonale

Dx: PFTs, pulmonary artery catheterization, echocardiogram

PSG: sustained long desaturation (SpO, <90% for 5 minutes, nadir
<85%) without apneas/hypopneas, airflow limitations, or snoring,
may have a PaCO, > 45 mm Hg (depends on baseline PaCO,), worse
during REM

Rx: treat underlying cause, CPAP although BiPAP may be better
with possible nocturnal oxygen and backup rate (titrate EPAP for
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upper airway patency and IPAP as pressure support), weight loss,
tracheotomy

Central Alveolar Hypoventilation Syndrome: sleep hypoventilation
(secondary to obesity or neuromuscular disorder) causes hypercapnia;
an idiopathic form may be secondary to a ventilatory chemoreceptor
defect in the medulla

Obesity Hypoventilation Syndrome (OHS,

Pickwickian): associated with daytime hypercapnia and hypoxemia,
cor pulmonale, HTN, morning headaches, and red eyes; sleep TPCOZ
with persistent desaturations (OSAS usually normalizes between
apneas); obesity itself causes a decrease in expiratory reserve volume
and a functional residual capacity (FRC), but OHS results in a further
decrease in FRC as well as total lung capacity

OTHER SLEEP-RELATED DISORDERS

Sleep-Related Movement Disorders

Restless Leg Syndrome (RLS)

Pathophysiology: possibly from LCNS iron causing cell death in the
substantia nigra (\Ldopamine)
Criteria: (1) urge to move, (2) worse with rest, (3) relief with
movement, (4) worse at night
SSx: irresistible urge to move during sleep or inactivity causing
discomfort (paresthesia, restlessness, pain, “creepiness”), may disturb
sleep, relieved with movement, insomnia
more common in women (2x), family history (>90%, autosomal
dominant)
BTBDY gene: chromosome 6, may interfere with iron homeostasis,
more associated with Periodic Leg Movements (PLMs) than RLS
Dx: primarily clinical, consider PSG (if OSAS suspected), consider
lab work-up (serum ferritin, renal function, glucose, anemia, thyroid,
vitamin B,,, Mg, ANA, RF), CSF transferrin levels (most sensitive)
Types
1. Primary Type: onset in youth, familial, gradual onset
2. Secondary Type: iron-deficiency (Fe <50 mcg/L), renal failure,
20-25% of pregnancy, medication withdrawal, medications
(SSRIs, TCAs, lithium, antihistamines, antipsychotics,
dopamine antagonists); rheumatoid arthritis, multiple sclerosis,
pain disorders, psychiatric and neurological disorders
3. Idiopathic: most common
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e PSG: 80% of RLS have PLMs, PLMs are not necessary for
diagnosis

e DDx: nocturnal leg cramps (actual brief spasm), frontal lobe complex
partial seizures, neuropathies, pain syndrome, myoclonus, vascular
disease, hypnagogic jerks

Treatment

* Address Secondary Cause: supplemental iron (with Vitamin C for
absorption) or vitamin B,; remove RLS-inducing medications (see

previous)
* Behavior Modification: change sleep phase, stretching, exercise,
massage, avoid EtOH/caffeine
* Pramipexole and Ropinirole: dopamine agonists, first-line, require
titration and renal dosing; risk of nausea, sleep attacks, impulsive
behavior (gambling, hypersexuality)
* Carbidopa-Levodopa: does need to be titrated (may be used as
needed), may cause tardive dyskinesia and high risk of augmentation
(side effect in which RLS symptoms begin to occur progressively
carlier, Tfrequency, Tintensity, Tbody parts, or Tduration)
Second-Line Agents: benzodiazepines (clonazepam),
anticonvulsants (gabapentin), opioids (codeine)

Insomnia

Introduction

* Types: (1) difficulty initiating sleep, (2) difficulty maintaining sleep,
(3) waking up too early, (4) non-restorative sleep

* most common sleep complaint, 10-15% of general population and

35-50% of elderly

Associations: 90% of insomnia is associated with a comorbidity;

36% of insomniacs have a mental disorder (20-30% anxiety,

10-25% depression); >70% of chronic pain patients complain of

insomnia; also associated with cardiovascular disease, postmenopausal
women, smoking, and prescription drug use

e Rx: cognitive behavior treatment (CBT, see following), address
secondary causes, then medication

Workup

 History: severity, duration, sleep patterns, napping, awakenings,
parasomnias, sleep environment
e Medications/Substance Abuse: alcohol, caffeine, stimulants, over-the-

counter drugs
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Types

Circadian Factors: sleep late, cannot wake early, shift work

DPsychiatric Disorders: depression, anxiety about sleep (psychophysiological
insomnia), acute stressors (adjustment insomnia)

Medical and Neurological Factors: hyperthyroidism, hypertension,

Parkinson’s

PSG: considered for primary sleep disorders (periodic limb
movement disorder, parasomnias, and SDB)

Sleep Diary: kept for 1 week before and after therapy

Actigraphy: wrist device that measures activity and total sleep time;
not reliable for sleep onset

Adjustment Insomnia: temporary insomnia associated with an
identifiable stressor, <3 months; Rx: focus on CBT (sleep restriction

techniques)

Psychophysiological Insomnia: conditioned sleep difficulty

(>1 month) associated with anxiety about sleep, somatized tension
during the desired bedtime, “racing mind;” relieved when sleeping at
another location or when not intending to sleep; Rx: CBT (stimulus
control and relaxation techniques), may consider meds

Idiopathic Insomnia: chronic course with insidious onset during
childhood or infancy (lifetime disorder), no periods of remission,
independent of emotional adaptation, naps are unrefreshing; Rx: may
be recalcitrant to CBT and meds, may emphasize sleep consolidation
Paradoxical Insomnia (Sleep State Misperception): perception

of insomnia with adequate sleep, overestimation of sleep latency,

and underestimation of total sleep time; Rx: CBT (stimulus control,
relaxation, sleep hygiene, and education techniques)

Secondary Insomnia: due to mental disorder, medical condition,
drug or substance abuse, or poor sleep hygiene

Fatal Familial Insomnia: autosomal dominant and spontaneous
forms, mutation in prion protein gene causing autonomic
hyperactivity (sweating, tachycardia), loss of circadian regulation
and spindle fibers, bronchopulmonary infections, oneiric stupor
(dreamlike enactment similar to REM behavior disorders), ataxia,
myoclonus, leads to insomniac death; occurs in the elderly

Delayed Sleep Phase Disorder: circadian rhythm disorder, young
(teenagers), difficult to wake and tired all day except at night, genetic
component; Rx: chronobiotic treatment (bright light in the morning,
melatonin in the evening), address social issues

Advanced Sleep Phase Disorder: circadian rhythm disorder,

elderly, difficulty staying awake at conventional times, early morning
awakening; may be caused by Lsensitivity to light or Lhomeostatic
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drive; strong genetic component; Rx: chronobiotic treatment (bright
light in the evening for 20-60 minutes, melatonin in the morning)

Cognitive Behavior Treatment (CBT)

Sleep Hygiene: normalize sleep times, comfortable bed, lighting, remove
stimulants (TV, children), avoid late evening caffeine and alcohol, avoid
clock watching, regular exercise (except before sleep, the cooling after
exercise takes a while), hot bath before sleep (the cooling induces sleep)
Stimulus Control: most effective, get out of bed if you are not
sleepy, go to sleep only when sleepy, limit bed activity to sleep and sex
Sleep Restriction: limit time in bed to average sleep time and avoid
naps (increases homeostatic sleep drive), calculate time in bed to keep
sleep efficiency >85% (time asleep in bed/total time in bed)
Relaxation Based Biofeedback: must be practiced, good to address
“racing thoughts”

Paradoxical Intention: patient instructed to try to stay awake
(“reverse psychology”), removes the stressor of trying to fall asleep
Cognitive Restructuring: address thoughts and beliefs that interfere
with sleep

Outcome: improves sleep onset latency, improves wake after sleep
onset (WASQO), less effect on total sleep time (medications are
better for Ttotal sleep time, but CBT is better in Isleep onset
latency); combined therapy with hypnotics is not better than with
CBT alone for the short- and long-term (except in the initial stages)

Hypnotic Medications

use the lowest dose with shortest half-life, prefer as-needed dosing

all hypnotics cause sleep disturbances upon discontinuation, therefore
taper short-acting agents for a few days

Benzodiazepines: enhance the effect of GABA at the GABA,
receptors (opening of CI channels, inhibitory effect on
neurotransmission); sleep latency, Lawakenings, Tsleep duration
(TNZ), powerful Lslow wave sleep (»LN3), Tsleep spindles, JPLMs,
all benzodiazepines cause mild respiratory depression and impaired
episodic anterograde amnesia (ability to remember new information)
Non-Benzodiazepine Benzodiazepine Receptor Agonists
(Zolpidem, Zaleplon, Eszopiclone): binds to the BZ subunit (0i-1
subunit) of the GABA, receptor; less anxiolytic, less reduction of
slow wave sleep, and less potential for abuse than benzodiazepines
Ramelteon: selective melatonin agonist, good for sleep onset
insomnia only, more potent than melatonin, no respiratory
depression (may be used in COPD)
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Hypersomnia

Trazodone: antidepressant that sedates with less effect on sleep
architecture; 8 hour half-life may cause daytime sedation; risk of
priapism, arthythmias, and orthostatic hypotension; low abuse
potential

Tertiary Tricyclic Antidepressants (amitriptyline, doxepin,
clomipramine, imipramine): more unfavorable side effects,
anticholinergic effects (arrhythmias, constipation, urinary retention),
potent REM suppression

Haloperidol: antipsychotic; risk of extrapyramidal symptoms,
hypotension, weight gain, and tardive dyskinesia
Diphenhydramine: H1-receptor antihistamine; improves total sleep
time and efficiency

Hypersomnia and Narcolepsy

SSx: fatigue, impaired attention, napping, emotional lability,
drooping of eyelids, miosis; may present as paradoxical hyperactivity
in children

Causes: chronic sleep deprivation (most common), sleep-related
breathing disorders, substance abuse, medicine, environmental causes,
movement-related disorders (if associated with arousals), circadian
rhythm abnormalities (delayed phase type most common cause in
adolescence), medical and psychological causes, parasomnias

Dx: Epworth Sleepiness Scale (ESS), Stanford Sleepiness Scale (SSS),
MSLT, MWT, sleep diary, consider work-up for medical causes
(thyroid tests, CBC, blood glucose, urine analysis), consider MRI
Workup: assess sleep diary for sufficient sleep and sleep environment,
detailed sleep history to assess secondary causes (medication, medical/
psychological, parasomnias), consider PSG if suspect SDB or PLMD,
PSG/MSLT if suspect narcolepsy

Narcolepsy

Pathogenesis: REM-related phenomenon (sleep paralysis) of
unknown cause, may be decreased hypocretin neuropeptide (released
during wakefulness)
Tetrad SSx: daytime sleepiness (relief with naps, first symptom, may
be mild), cataplexy (50%, see following), sleep paralysis, hypnagogic
hallucination (while falling asleep), may also be hypnopompic
(while awakening)

econdary SSx: sleep attacks, micro-sleeps (amnesic episode
associated with an autonomic behavior), memory loss, visual
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disturbance, driving risk, REM behavior disorder, obesity, nocturnal
sleep disruption, psychosocial effects

Cataplexy: sudden loss of bilateral muscle tone with an emotional
trigger, usually positive emotion; preserved consciousness in the
beginning of the attack, may lose deep tendon reflexes and pupillary
light response

Dx: clinical history, MSLT/PSG, may consider CSF hypocretin-1
levels (<110 pg/ml, 5% false positive, usually positive only if with
cataplexy)

Risks: more common in males, genetic predisposition, DM type 2,
sarcoidosis, multiple sclerosis, Niemann-Pick, degenerative neurologic
disease

PSG: short sleep latency <10 minutes, sleep onset REM <20-30
minutes (highly specific)

MSLT: 5 naps, 2 or more sleep onset REMs, sleep latency

<8 minutes

Management

Behavior Modification: structured sleep naps, sleep hygiene,

support/safety issues (driving, work)

Modafinil, Armodafinil: inhibits the dopamine and norepinephrine
transporter; expensive, headache common side effect (10-15%,
increase dose as usually resolves), less abuse potential; approved also
for shift work and OSAS after CPAP optimization; does not change
sleep architecture

Methylphenidate, D-amphetamines: short-acting amphetamine-
like, blocks dopamine reuptake, can produce rebound; D-isomers

= active form; side effects include anxiety, irritability, weight loss,
psychosis, and palpitations; may be added before lunch

Cataplexy Medications: antidepressants (clomipramine, venlafaxine,
and atomoxetine), gamma-hydroxybutyrate (GHB)/sodium
oxybate (requires night-time dosing, abuse potential, short acting)

Other Causes of Hypersomnia

Idiopathic Hypersomnia: daytime sleepiness not relieved by

naps (unlike narcolepsy), prolonged nocturnal sleep (>10 hours),
>3-month duration, may have autonomic nervous system dysfunction
(orthostatic hypotension, headaches), no REM-related events; PSG
reveals shortened sleep latency, major sleep period >10 hours, confirm
MSLT to rule out narcolepsy; Rx: modafanil/armodafinil but is less
effective for narcoleptics

Secondary Hypersomnia: due to medical condition (Parkinson’s),
poor hygiene, insufficient sleep, posttraumatic
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¢ Kleine-Levin Syndrome (Recurrent Hypersomnia): rare, presents
in early adolescent males, causes recurrent episodes of hypersomnia
lasting few days to several weeks, occurs 1-10x year, cognitive and
behavior abnormalities (confusion, hallucinations, hypersexuality,
aggression, hyperphagia), normal behavior in between episodes;
Rx: consider mood stabilizer (lithium) and antiepileptic
(carbamazepine)

e Sleeping Sickness: from Trypanosoma brucei via the tsetse fly; causes
an initial hemolytic phase with fever, adenopathy, arrhythmias,
then progresses to a terminal (meningoencephalitic) stage with
hypersomnia leading to death; Rx: antiparasitic medications

Parasomnias

Introduction

* Parasomnia: undesirable physical experience that occurs in sleep

* NREM Associated: confusion on arousal, sleep walking, sleep terrors,
dreams are more realistic

e REM Associated: REM sleep behavior disorder, recurrent isolated
sleep paralysis, nightmare disorder with recollection, dreams are
complex and irrational

* Nocturnal Frontal Lobe Epilepsy: mimics parasomnias (requires
EEG to differentiate), various similar periodic episodes throughout
the night (unlike parasomnias)

Disorders of Arousals (NREM)

e SSx: occurs in early sleep (slow wave sleep), confusion, impaired
cognition, antero/retrograde amnesia

e worsens with factors that cause deep sleep (sleep deprivation,
hypnotics, fever) or arousals (OSAS, stress, pain, pregnancy, PLMs,
GERD), no increased risk with alcohol

* Confusional Arousals: recurrent mental confusion during an arousal
from nocturnal or daytime sleep; more common in children (“stares
into space”)

* Sexsomnia: “sleep sex,” subtype of confusional arousal, may be
violent

¢ Sleep Terrors: arousal from slow wave sleep with intense fear (cry,
loud), amnesia to event (nightmares occur during REM sleep with
recollection), may be associated with dangerous activity, associated
with a family history
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* Sleep Walking: ambulation during sleep, confusion, amnesia,
difficult to arouse, may demonstrate complex behavior (cooking,
urinating), strong family history

* DDx: frontal lobe epilepsy (better recollection, less ambulation,
shorter but multiple attacks, more symmetrical movements), REM
sleep behavior disorder (if awakened out of NREM you are confused
and easily fall asleep; if in REM you are awake, alert, can recollect,
and have more difficulty returning to sleep), malingering

e Dx: PSG with video

* Rx: safety issues (alarms, padding, sleep on floor), sleep hygiene;
in prepubertal patient may consider waking the child up after
30 minutes of sleep onset, increase sleep time, reduce stress, not
recommended to wake child during episode (may prolong event);
consider benzodiazepine or TCAs for severe cases; treat conditions

that cause arousals (OSAS, RLS)

REM Sleep Behavior Disorder (RBD)

e Pathophysiology: dysfunction of systemic maintenance of atonia in
REM

e SSx: occurs later in sleep (more REM and sympathetic tone), dream
recollection, easy to awaken, more difficult to return to sleep, dreams
may be more confrontational with dream enactment (gestures,
talking, kicking), may cause sleep-related injury

¢ Isomorphism: dream action corresponding to observed sleep
behavior

* Risks and Secondary Causes: men, elderly, narcolepsy, use of
antidepressants (venlafaxine, fluoxetine), depression, substance
abuse, 50-75% of men <50 years old with RBD will develop

Parkinson’s; RBD common initial symptom in young women with

multiple sclerosis, neurodegenerative disorders, caffeine and alcohol
withdrawal

e Dx: PSG with video shows dream-enacting behavior

* PSG: sustained tonic activity during REM (50% chin tone in one
epoch) or bursts of phasic activity in REM (sequential 3-second
periods in 50% of one epoch) without significant movement

e Rx: similar to NREM sleep behavior disorder, clonazepam, remove
medications that may aggravate (antidepressants), consider melatonin

Other REM Disorders

* Recurrent Isolated Sleep Paralysis: inability to move at sleep onset
or awakening; 40-50% of normals, genetic disposition
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* Nightmare Disorder: differs from sleep terror in that there is dream
recollection, less fear, easy arousal, occurs later in night, and is more
common; associated with posttraumatic stress disorder (PTSD);

Rx: reassurance, REM suppressing TCAs or SSRIs; prazosin (an
o-blocker to treat hypertension) has been used for PTSD

Acknowledgment

Thank you to Mas Takashima, for his contributions to the previous
editions.







CHAPTER

General Otolaryngology

Mahmoud I.Awad, Valeria Silva Merea, Robert . Stachler TerryY. Shibuya,
Justin §. Golub, and Raza Pasha

Esophageal and Swallowing Disorders
Swallowing Phases
Dysphagia and Aspiration
Esophageal Anatomy and Physiology
Gastroesophageal Reflux Disease and

Laryngopharyngeal Reflux

Esophageal Disorders
Esophageal Neoplasms

Oral and Oropharyngeal Benign Disorders
Anatomy and Physiology
Evaluation of Disorders of Taste
Evaluation of Oral and Oropharyngeal Lesions
Infectious Stomatitis

Odontogenic, Jaw, and Bone Pathology
Evaluation of the Jaw Mass

Jaw Cysts

Odontogenic Tumors
Nonodontogenic Tumors
Temporomandibular Joint Disorders

Neck Masses
Anatomy of the Neck
Evaluation of the Neck Mass
Congenital Neck Masses . o oo vvvvivn i i, 236

continues

187



188 Otolaryngology-Head and Neck Surgery

Infectious Neck Masses

Other Head and Neck Masses

Cervical Lymphadenopathy in HIV
Neck Planes, Spaces, and Infection

Cervical Fascial Planes
Neck Space Infections

Head and Neck Manifestations of Systemic Diseases . .
Noninfectious Granulomatous Diseases

Infectious Granulomatous Diseases « v v v v vv v nnn.. 247
Connective Tissue Diseases. « « v v v v vvveeeeeeennnn. 250

VasCULILES « v v v v oo oot e ettt eeennnnaaaaeenn 252

ESOPHAGEAL AND
SWALLOWING DISORDERS

Swallowing Phases
Oral Phase

* voluntary control
e preparatory and transit phases
* tongue motion is key
e Components
1. solid mastication or liquid bolus control (lip closure critical for
oral competency)
2. saliva mixes with food bolus; tongue and facial muscles prevent
bolus from falling into anterior and lateral sulci
3. food bolus molded by tongue and teeth, forward bulging of soft
palate seals oral cavity, hyoid slowly elevates
4. food bolus forced to the dorsum of the tongue and propelled into
oropharynx

Pharyngeal Phase

* under reflexive control (posterior pharyngeal wall receptors, CN IX
and CN X)
e responsible for airway protection and transit into esophagus
* Components
1. Nasopharynx (Velopharyngeus) Closure

e levator veli palatini muscle lifts the soft palate
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palatopharyngeus (posterior pillar) muscle tightens and raises
the pharynx and narrows the oropharyngeal inlet

superior pharyngeal constrictor (Passavant’s pad) contracts to
meet the soft palate and posterior pharyngeal walls

* prevents backflow into nose

2. Base of Tongue Propels Bolus Through Pharynx

* base of tongue squeezes against posterior pharynx
3. Laryngeal Elevation and Closure
e Three Sphincters for Laryngeal Closure

a. Laryngeal Inlet: epiglottis, aryepiglottic folds, arytenoids
b. False Vocal Folds
c. True Vocal Folds: most effective
¢ Laryngeal Adductor Reflex (LAR) or Glottic Closure Reflex:
rapid adduction of true vocal folds in response to stimulation
of laryngeal mucosa; mediated by superior laryngeal nerve;
protects airway by preventing aspiration; excess stimulation
causes laryngospasm
4. Pharynx Contracts and Shortens
e pharyngeal constrictors push bolus while epiglottis directs
food to piriform sinus, posterior pharyngeal wall contracts
(pharyngeal weakness results in pooling of saliva and food
bolus retention in the piriform sinuses)
5. Upper Esophageal Sphincter (Cricopharyngeus) Opens

¢ relaxation of the muscle and anterior displacement of the

hypolaryngeal complex opens the sphincter
¢ food bolus enters the cervical esophagus
inefficient relaxation of the cricopharyngeus results in a

cricopharyngeal bar with narrowing of the esophagus

Esophageal Phase

¢ fluid movement is passive, solid movement is active
¢ see Esophageal Anatomy and Physiology following

Dysphagia and Aspiration

Introduction

e Causes of Dysphagia: obstruction, misdirection (retrograde
[nasopharynx] and anterograde [aspiration]), fragmentation of the
bolus

* oropharyngeal secretions most commonly aspirated substance (gastric
contents second most common)
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Evaluation of Dysphagia and Aspiration

History and Physical Exam

Character of Dysphagia: solid dysphagia (obstructive) versus liquid
dysphagia (neurologic), progressive (tumor, scleroderma, achalasia),
odynophagia (suggests acute process, foreign body, pharyngitis,
laryngitis), regurgitation (nasal or gastric regurgitation, timing), type
of regurgitated food (digested or undigested), aspiration (cough after
ingestion, recurrent pneumonia, gagging, choking), difficulty with
mastication or oral competence (drooling)

Contributing Factors: GERD; recent caustic or foreign body ingestion

or trauma; risk factors for malignancy (recent weight loss, family
history of cancer, hoarseness, odynophagia, otalgia, tobacco, smoking,
alcohol abuse); H&N malignancy, radiation therapy; neurologic,
connective tissue, or autoimmune disorders; recent dietary changes
Associated Symptoms: voice changes (laryngeal involvement),

heartburn (reflux esophagitis), hypothyroidism (fatigue, hair loss,
depression, weight gain), neurologic changes (weakness, paresthesia,
diplopia, vertigo, mental status changes)

Dysphagia Scales: validated measures including Eating Assessment
Tool-10 (EAT-10), SWAL-QOL, MD Anderson Dysphagia Inventory
(MDADI), Sydney Swallowing Questionnaire (S§SQ), and Mayo
Dysphagia Questionnaire (MDQ)

Physical Exam: assessment of communication (dysphonia,
dysarthria, hypernasal speech), full neurologic exam (cranial nerves
and peripheral exam), indirect laryngeal exam or nasopharyngeal
scope (pooling of secretions, vocal fold mobility, masses, sensation),
complete H&N exam with high suspicion for malignancy

(palpate base of tongue, indirect mirror exam for lesions, evaluate
nasopharynx, palpate thyroid)

think “KITTENS” for differential diagnosis (see Table 6-1)

Diagnostic Testing

Modified Barium Swallow (MBS) or
Videofluoroscopic Swallow Study (VEFSS)

e Indications: determines oral and pharyngeal motility,
laryngotracheal elevation, laryngeal penetration or aspiration, and
safety of oral feeding

* Technique: uses radiographic videofluoroscopy to visualize oral
and pharyngeal phases of swallowing using varying bolus amounts
and consistencies (typically reviewed with a swallowing therapist);
allows for assessment of improvement with postural adjustments
and swallowing maneuvers
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Functional (Flexible) Endoscopic
Evaluation of Swallowing (FEES)

allows bedside evaluation of swallowing function

FEESST (FEES with sensory testing) adds testing of sensation
Indications: assesses aspiration risk (penetration), laryngeal
function, dietary tolerance, swallowing management techniques,
hypopharyngeal sensitivity (sensory defects), and handling of
secretions (does not evaluate esophageal dysfunction)
Technique: nasopharyngoscope placed initially to visualize

the function of the larynx, laryngeal adductor reflex (LAR)

is evaluated using pulses of air to stimulate reflex (FEESST),
swallowing phases are evaluated using varying consistencies of

dyed food

Other Tests

Esophagram (Barium Swallow): evaluates esophageal phase of
swallowing (motility), luminal integrity, structural abnormalities
(large ulcers, intrinsic/extrinsic masses, strictures, webs), reflux
Water Soluble (Gastrografin) Swallow: used in lieu of barium
when suspicious of an esophageal perforation, often followed by
barium swallow if negative

Manometry: measures duration, amplitude, and velocity of
peristaltic waves; gold standard for assessing esophageal motility
disorder

CXR: reveals pneumonitis, pneumonia, masses, displaced airway,
esophageal air-fluid levels

Direct Laryngoscopy and Esophagoscopy: if suspect
malignancy, for uncertain etiology, to evaluate esophagus, to
remove foreign bodies, and to biopsy a mass or lesion

Dyed Food: indirect evaluation of aspiration in the presence

of a tracheotomy, oral feeds are dyed (eg, methylene blue),
tracheotomy is suctioned to evaluate for the presence of stained
aspirates

GERD/LPR Evaluation: (see following)

Videostroboscopy: evaluates vocal fold motion, pooled
secretions, and anatomic defects (masses, glottal chinks, etc)
Scintigraphy: can quantify the amount of aspirated material
(infrequently employed)

CT/MRI: consider to evaluate endolaryngeal masses or suspected
malignancy
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Management

Medical Management

Swallowing Rehabilitation

if possible address underlying cause (eg, iron supplementation for
Plummer-Vinson, pyridostigmine for myasthenia gravis, benztropine
for Parkinson’s disease, antibiotics for acute bacterial pharyngitis)

use an alternative temporary route of nutrition (nasogastric tube feeds,
parenteral nutrition)

begin a reflux regimen (see following)

aggressively address aspiration pneumonia (hold oral feeds, antibiotic
regimen, and aggressive pulmonary toilet)

Botulinum Toxin Injections: may be considered for cricopharyngeal
spasms; inject into cricopharyngeus muscle

Injection Augmentation of Vocal Folds: temporary treatment of
glottic insufficiency

change size of bolus and food consistencies (pureed diet easier to
tolerate initially, liquids are more difficult to manage)

posture techniques (chin tuck, head rotation to the poorer
functioning side, head tilt towards normal side, lying on side/back
during swallowing), palatal prostheses, muscle-strengthening exercises
Supraglottic Swallow: patient voluntarily closes airway at vocal folds
by holding breath before swallow, voluntary cough after swallow,
follow with an additional swallow for residual bolus in pharynx or

piriform; super-supraglottic swallow is similar but with increased
effort

Mendelsohn Maneuver: voluntarily elevates and anteriorly displaces
larynx to prolong UES opening

Masako Technique: tongue holding between the teeth during
swallow, increases bolus transit through pharynx by increasing
pharyngeal pressure

Effortful Swallow: hard swallow to help clear pharynx, designed

to improve tongue base contact to posterior pharyngeal wall during
swallow; patient squeezes all throat and neck muscles during swallow

Surgical Management

* Esophageal Dilation: consider for achalasia (LES spasm),

pharyngeal or esophageal strictures, webs, postoperative scarring, and
postradiation strictures

¢ Cricopharyngeal Myotomy: consider for cricopharyngeal

spasms (incomplete UES relaxation) or abnormal muscular
contraction during relaxation (controversial), theoretically relaxes
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pharyngoesophageal segment and results in anterior elevation

of larynx; complete myotomy includes part of the lower inferior
constrictor, cricopharyngeus muscle, and part of the upper cervical
esophagus

Gastric or Jejunal Feeding Tube: temporary or permanent enteric
feeding

* Vocal Fold Medialization: for unilateral vocal fold immobility, see
pp. 122-124

Tracheotomy (Cuffed): for severe pulmonary complications,
prevents aspiration pneumonia by allowing easier pulmonary toilet

and preventing gross aspiration (does not prevent microaspiration);
however, increases risk of aspiration by inhibiting laryngeal elevation,
interfering with ciliary motion, and preventing production of
subglottic pressure for an adequate cough

Endolaryngeal Stenting: for short-term use, allows phonation,

requires tracheostomy
Subperichondrial Cricoidectomy: resection of cricoid with closure

of subglottic mucosa; irreversible, eliminates phonation, requires
tracheostomy

* Glottic Closure Techniques: requires permanent tracheostomy;
glottic closure may be considered for bilateral vocal fold immobility;

epiglottopexy allows voicing, improves aspiration, and is potentially
reversible

Laryngeal Diversion (Lindeman Procedure) or

Separation: indicated for severe aspiration, creates a permanent
tracheostomy with the proximal tracheal segment diverted back to the

esophagus; a variation of Lindeman’s method creates a blind pouch
from the proximal tracheal segment; potentially reversible

* Laryngectomy: indicated for life-threatening complications, gold
standard for definitive therapy; narrow-field laryngectomy spares
hyoid bone, strap muscles, and better preserves pharyngeal mucosa

Esophageal Anatomy and Physiology

Anatomy
¢ Esophageal Layers

1. Mucosa: epithelium, lamina propria, muscularis mucosa

2. Submucosa

3. Muscularis propria: including inner circular muscle and outer
longitudinal muscle

4. Adventitia: no serosa layer, therefore minimal barrier to
infection and tumor infiltration



CHAPTER 6 General Otolaryngology 195

Upper Esophageal Sphincter (UES)

Three Physiologic Narrowings

1. Upper Esophageal Sphincter: sec following

2. Crossing of the Aortic Arch and Left Main

Bronchus: anatomic narrowing ~27 cm from incisor opening

3. Lower Esophageal Sphincter: see following
Embryology: see p. 558
Vasculature: segmented from inferior thyroid artery (upper 1/3),
thoracic aorta (middle 1/3), and left gastric and inferior phrenic
arteries (lower 1/3)
Histology: stratified squamous epithelium except distal 1-3 cm
(columnar epithelium)
Innervation: mixed somatic innervation from CN IX and CN X (left
CN X passes anteriorly and the right CN X passes posteriorly to form

the esophageal plexus)

Auerbach’s Plexus: myenteric plexus, between muscle layers,
parasympathetic

Meissner’s Plexus: submucosal plexus, afferent sensory input

junction of inferior pharyngeal constrictor and cricopharyngeus
muscle (-16 cm from incisor opening)
tonic contracture prevents air reflux, aspiration, and regurgitation

relaxes during the pharyngeal phase

Lower Esophageal Sphincter (LES)

normal tone: 10-40 mmHg (achalasia: >40; scleroderma: <10)
normally positioned below diaphragm (hiatal hernias result in LES
positioned above diaphragm)

physiologic sphincter (not a true anatomic sphincter), aided by the
crura of the diaphragm (vagal innervation)

Agents That Increase LES Pressure: proteins, acid, gastrin,

vasopressin, O-adrenergics, antacids

Agents That Decrease LES Pressure: secretin, nitrates, calcium
channel blockers, glucagon, chocolate, fat, B-adrenergics, alcohol,
mints, nicotine, sedatives

Physiology

minimal secretion and absorption

upper 1/3 is composed of voluntary striated muscle (1 second of
esophageal phase)

lower 2/3 is composed of involuntary smooth muscle (3 seconds of

esophageal phase)
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Peristalsis Types

* Primary Peristalsis: initiated by food bolus (swallow reflex),
contracts proximally to distally

¢ Secondary Peristalsis: initiated by esophageal distention (residual
food bolus) and reflux

e Tertiary Contractions: nonperistaltic, spontaneous contractions,
may propel bolus in a retrograde direction to proximal esophagus

Gastroesophageal Reflux Disease
and Laryngopharyngeal Reflux

Introduction

see pp. 110-111
Gastroesophageal Reflux Disease (GERD): abnormal amount of

gastric secretions that reflux into the esophagus causing symptoms
* Laryngopharyngeal Reflux (LPR): supraesophageal chronic
symptoms from reflux of gastric acid
e Dathophysiology
1. LES (GERD) or UES (LPR) incompetence or transient
relaxation

2. delayed esophageal clearance
3. delayed gastric emptying (may increase gastric volume)
e Risks: obesity, alcohol abuse, hiatal hernia, pregnancy, scleroderma,
feeding tube
e GERD SSx: postprandial heartburn, supine reflux, choking
spells at night, regurgitation, esophagitis, abnormal esophageal pH
monitoring, abnormal esophageal acid clearance/motility
e LPR SSx: chronic hoarseness (worse in the morning), globus
sensation (often the primary symptom), dysphagia, daytime
(upright) reflux, mouth burning, halitosis, dry or itchy throat
discomfort, postnasal drip, throat clearing, chronic cough, recurrent
respiratory disease, laryngospasm, otalgia, torticollis (Sandifer
syndrome: distinctive neck posture in children that protects against
acid reflux)
LPR typically does not present with heartburn (<50%) or esophageal

peptic injuries (esophagitis)

e Laryngeal Findings: erythema and edema of the posterior
commissure, arytenoids, superior surface of the vocal folds, and
laryngeal surface of the epiglottis; diffuse supraglottic edema;
interarytenoid laryngeal pachydermia (thickening); granulomas of the
vocal fold process; subglottic stenosis
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Complications: reflux esophagitis, Barrett’s esophagus (gastric
metaplasia of the distal esophagus), esophageal stricture, gastric and
esophageal ulcerations, globus pharyngeus, chronic cough, aspiration
pneumonia, laryngeal granulomas, failure to thrive, sudden infant
death syndrome (SIDS), possibly laryngeal carcinoma

Diagnosis

H&P (as previous)

Response to Therapeutic Trial: may begin empiric reflux regimen
(typically proton-pump inhibitors, see following) based on history;
consider ancillary testing after failed empiric management, atypical
symptoms, recurrent symptoms, or complications (weight loss,
dysphagia)

Nasolaryngoscopy: allows for visualization of characteristic findings
(as previous) as well as complications (vocal fold granulomas)

Barium Swallow: good initial screening test for demonstrating
esophageal anatomy, high false-negative rate (especially LPR),
identifies hiatal hernias and strictures

24-hour Dual-pH Probe: most sensitive, “gold standard”; distal
probe 5 cm above LES and proximal probe 2 cm above UES, allows
differentiation of GERD and LPR; may be combined with impedance
testing

Impedance Testing: generally combined with pH probe; can

determine whether reflux is acidic or not, gaseous or liquid, as well as
direction of flow

Esophagoscopy (Transnasal or Oral): evaluates for esophagitis

and esophageal strictures, allows histologic confirmation of Barrett’s
esophagus or esophagitis

Management

Behavioral Management

smoking cessation

weight loss; avoid overeating, eating before sleep

avoid caffeine, fried foods, alcohol (especially red wine), tomato-based
products, mints, chocolate, citric, or spicy foods

elevate head of bed at night

avoid tight-fitting clothing

avoid aspirin, nitrates, and calcium channel blockers

manage sleep apnea
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Medical Management

Proton-Pump Inhibitors (PPI; omeprazole, pantoprazole): first-line
agents for complicated GERD and LPR or failed first-line regimens,
blocks the “proton pump” responsible for acid secretion; recurrence
of symptoms is common in those who require PPI therapy for initial
treatment; if effectiveness of acid suppressive therapy is uncertain,
consider 24-hour pH probe while on PPIs to assess; may require
twice-a-day dosing, take 1 hour before meals, avoid taking with
calcium

H,-blockers (cimetidine, famotidine, ranitidine): consider for
uncomplicated GERD, blocks histamine interaction with its receptor;
side effects include constipation, diarrhea, confusion, elevated liver
enzymes

Prokinetic Agents (metoclopramide, erythromycin): indicated for
delayed gastric emptying, also increases LES pressure; metoclopramide
side effects include tardive dyskinesia, drowsiness, depression, and
confusion; erythromycin acts as motilin agonist

Liquid Antacids (calcium carbonate, hydroxides of aluminum and
magnesium, sodium bicarbonate): consider as first-line for mild
GERD; take after meals and before sleep; overuse may result in acid—
base and other metabolic disturbances

Sucralfate: nonsystemic oral medication, covers and protects exposed
ulcerated mucosal surfaces

Surgical Management

indicated for failed medical regimen or those who require
continuous or increasing acid suppressive therapy (effectiveness of
acid suppression therapy should be the major criteria for predicting
successful outcome of fundoplication operation)

fundoplication procedures increase tone of distal esophagus (LES)

Esophageal Disorders

Achalasia (Megaesophagus)

Pathophysiology: degeneration of Auerbach’s plexus resulting in
aperistalsis and increased LES pressure (LES does not relax with
bolus)

SSx: progressive dysphagia, regurgitation, malodorous breath, chest
pain, aspiration, weight loss

Dx: esophagram (bird beak appearance, air-fluid levels, aperistalsis,
failed LES relaxation), manometry (increased LES pressure),
esophagoscopy to rule out mass (carcinoma causing pseudoachalasia)
and esophagitis
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e Complications: increased risk of esophageal carcinoma

e Rx: serial esophageal pneumatic dilation (1-5% perforation risk),
“wash” meals down with fluids, esophagomyotomy (Heller procedure)
with fundoplication, Botox to LES, consider calcium channel blockers
and nitrates to decrease LES pressure

Progressive Systemic Sclerosis (Scleroderma)

e Pathophysiology: autoimmune disease causes small vessel vasculitis,
widespread collagen deposition, smooth muscle atrophy (esophageal
dysmotility is thus limited to the lower 2/3), fibrosis

e associated with other connective tissue diseases

e H&N SSx: severe GERD, dysphagia, regurgitation, fixed facial
appearance (tight skin, thin lips, sclerotic skin)

e Systemic SSx: initial edematous skin (later tight skin), pulmonary
hypertension and fibrosis, pericarditis, microcytic anemia
(hypertensive renal crisis), carpal tunnel syndrome, Raynaud’s
phenomenon, sclerodactyly, telangiectasia

e Dx: barium swallow (dilated, flaccid esophagus similar to achalasia,
however, patent LES), manometry (normal UES pressure, loss of tone
of LES, aperistalsis)

* CREST Syndrome: milder variant, Calcinosis (cutaneous),
Raynaud’s phenomenon, Esophageal dysmotility, Sclerodactyly,

Telangiectasia

e Rx: reflux regimen, calcium channel blockers for Raynaud’s
phenomenon, consider corticosteroids and NSAIDs

Polymyositis and Dermatomyositis

e Pathophysiology: idiopathic inflammatory myopathy of striated
muscle

* Dermatomyositis: variant with associated rashes, higher risk of
malignancy

e associated with other connective tissue diseases, malignancies, hiatal
hernia, reflux esophagitis, vasculitis

e SSx: proximal muscle (hip, shoulder, neck) weakness and wasting,
dysphagia, aspiration, dysmotility in upper 1/3 of the esophagus
and pharyngeal weakness (striated muscle), nasal regurgitation,
dysrhythmias, periorbital heliotrope rash (dermatomyositis)

* Dx: EMG; muscle biopsy; increased serum creatine phosphokinase,
liver enzymes, LDH

e Rx: antireflux regimen, corticosteroids, antimetabolites,
immunosuppressives
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Esophageal Diverticulum

e sac that protrudes from esophageal wall

* Types by Contents: true diverticulum contains all layers of the wall;
false diverticulum contains only mucosa and submucosa

Types by Pathophysiology: pulsion diverticulum is created from
elevated intraluminal pressure; traction diverticulum is caused

by “tugging” effect from inflammation (lymph nodes) and fibrotic

adjacent tissue
e Upper Esophageal/Hypopharyngeal Areas of Weakness
1. Killian’s Triangle: superior to posterior cricopharyngeus,
superior to cricothyroid muscles, below raphe of inferior

constrictors

2. Killian-Jamieson Space: laterally, between cricopharyngeus and
esophagus muscle

3. Laimer-Haeckermann Space: between cricopharyngeus
superiorly and circular fibers inferiorly

Zenker’s Diverticulum (Pharyngoesophageal Diverticulum)

* DPathophysiology: false, pulsion diverticulum typically at Killian’s
triangle (see previous)

e SSx: insidious dysphagia, spontaneous regurgitation of undigested

food, malodorous breath, aspiration, may become obstructive
* Complications: diverticulitis, fistula formation, perforation, bleeding
Dx: esophagram and endoscopy (80-90% located on the left side)
e Rx: observe if small/asymptomatic; endoscopic esophago-
diverticulostomy (common wall divided with an Endo GIA stapler

or CO, laser); larger diverticuli may require open transcervical
diverticulectomy with cricopharyngeal myotomy (must complete
a cricopharyngeal myotomy to prevent recurrence); diverticulopexy
(theoretically reduces risk of fistula)

Midesophageal Traction Diverticulum

e DPathophysiology: true, traction diverticulum typically in middle
third of esophagus

e SSx: dysphagia, usually asymptomatic

e Dx: esophagram and esophagoscopy (high risk of perforation)

* Rx: if symptomatic or complicated may undergo right thoracotomy
with diverticulectomy

Epiphrenic Diverticulum
* DPathophysiology: false, pulsion diverticulum in the lower esophagus,

often above an obstruction or secondary to motility disorders
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associated with GERD, hiatal hernia, esophageal spasm, esophageal
carcinoma, and other esophageal discase

SSx: dysphagia, regurgitation, obstruction

Dx: esophagram and esophagoscopy

Rx: if symptomatic or complicated consider diverticulectomy; must
address underlying cause

Cricopharyngeal Dysfunction (Cricopharyngeal
Spasm, Cricopharyngeal Dysphagia)

Pathophysiology: abnormal coordination between pharynx and
cricopharyngeus (UES), failure of cricopharyngeus relaxation with
swallowing leading to dysphagia and possibly aspiration
Types

1. Reflux-Induced: most common

2. Idiopathic: may be secondary to subclinical reflux

3. Neurologic: secondary to neurologic process
SSx: localized dysphagia to the cervical esophagus, globus sensation,
choking, odynophagia

Dx: esophagram may be normal or reveal cricopharyngeal bar with

functional obstruction, manometry more accurate
Complications: diverticulum formation, aspiration, pulmonary
disease

Rx: cricopharyngeal myotomy (open or endoscopic), botulinum
toxin injections, reflux regimen

Esophagitis

Reflux Esophagitis: most common, secondary to gastric acid reflux,
causes mucosal erosion of distal esophagus

Candidal Esophagitis: white plaques with erythematous

base, associated with odynophagia, increased risk with
immunocompromised patients and long-term antibiotics;

Rx: systemic antifungals

Herpes and CMV Esophagitis: multiple ulcerations or vesicles,
increased risk with immunocompromised patients; endoscopy with
tissue/culture needed for diagnosis

Pill Esophagitis: typically punctate ulcerations; common causes
include tetracycline, doxycycline, potassium, quinidine, aspirin/
NSAIDs, and clindamycin pills; Rx: prevent by taking with sufficient
fluid

Bullous Dermatoses: pemphigoid, epidermolysis, and others;

Rx: steroids, dilation if complicated by strictures
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* Radiation Esophagitis: may be acute (during therapy) or chronic
(scarring and stenosis may occur 6-18 months after radiation therapy)

* Eosinophilic Esophagitis (see p. 574)

Esophageal Rupture and Perforation

 Causes: iatrogenic instrumentation (most common), blunt and
penetrating trauma, neoplasm, inflammation, increased abdominal
pressure

Variants
1. Mallory-Weiss Syndrome: incomplete tear of esophageal
mucosa and laceration of submucosal arteries from increased
abdominal pressure (emesis in alcoholics), presents as an upper
GI bleed; Rx: fluids, usually self-limiting, may decompress
(nasogastric tube), rarely requires endoscopic coagulation or
open procedures
2. Boerhaave Syndrome: increased abdominal pressure results
in spontaneous rupture of all 3 layers of the esophagus (usually
distal, posterior wall), severe symptoms (hematemesis, chest pain,
dyspnea, hypovolemic shock)
SSx: tachycardia (typically first), chest pain, fever, respiratory distress,

dysphagia, subcutaneous emphysema, Hamman’s sign (crunching
sound over heart from subcutaneous emphysema)

e Dx: clinical exam, CXR (mediastinal widening,
pneumomediastinum, pneumothorax), water soluble (Gastrografin)
esophagram

* Complications: chemical mediastinitis (saliva, bile, gastric acid),
intrathoracic abscess, septic shock, death

e Rx: early surgical repair and drainage (thoracotomy), may consider
medical therapy (NPO, antibiotics and observation) for small
perforation in select patients

Esophageal Foreign Bodies and Caustic Ingestion
(see pp. 575-577)

Diffuse Esophageal Spasm

e Pathophysiology: simultaneous nonperistaltic contractions in
esophageal smooth muscle (with otherwise normal peristalsis),
contractions are of normal pressure (unlike nutcracker esophagus, in
which contractions are of greater than normal pressure)

SSx: odynophagia to solids and liquids, dysphagia, chest pain
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e Dx: esophagram (corkscrew, normal LES relaxation), manometry

e Complications: diverticuli

e Rx: nitrates, calcium channel blockers, anticholinergics, may consider
dilation and myotomy for severe symptoms, possibly Botox

Dysphagia Lusoria (Bayford Syndrome)
e Pathophysiology: anomalous right subclavian artery from descending

aorta (fourth branchial arch anomaly) has a retroesophageal course
causing dysphagia from extrinsic compression of the esophagus

* associated with a right non-recurrent laryngeal nerve, aortic and
subclavian aneurysms, diverticuli

e SSx: intermittent dysphagia (usually presents at middle age with loss
of elasticity of vessels), weight loss

e Dx: barium swallow, arteriogram/CT angiography, esophagoscopy
(pulsating horizontal bar at obstruction site)

* Rx: ligate and reanastomose to right common carotid for severe
symptoms

Eagle Syndrome (Styloid Process Syndrome)
e Pathophysiology: elongated styloid process or ossified stylohyoid

ligament causes mechanical irritation of surrounding nerves,
associated with prior tonsillectomy or pharyngeal trauma

e SSx: odynophagia, unilateral tonsillar pain, pain behind mandibular
angle, referred otalgia, palpation at site reproduces pain

e Dx: CT scan

* Rx: excision from intraoral or external approach

Plummer-Vinson Syndrome

e Pathophysiology: unclear etiology, may be secondary to nutritional
deficiency (iron)

* Risks: young to middle-aged woman, northern hemisphere
(Scandinavians)

e SSx: dysphagia (degeneration of esophageal muscle), cervical
(pharyngoesophageal) webs, microcytic hypochromatic anemia
(iron deficiency), cheilitis (fissures at corners of lips), glossitis,
splenomegaly, achlorhydria

e Dx: clinical exam, iron levels, CBC, esophagram

* Complications: increased risk of upper esophageal and
hypopharyngeal carcinoma

e Rx: iron supplements (improves most symptoms), esophageal dilation
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Esophageal Webs and Rings

* Web: asymmetric, thin, membranous projection into the lumen
(involves only part of lumen), covered by esophageal epithelium
(composed of mucosa and submucosa only); usually proximal

* Ring: thicker, circumferential; composed of mucosa, submucosa, and
muscularis; usually distal

Schatzki Ring: web-like narrowing at squamocolumnar
(gastroesophageal) junction, only 1/3 are symptomatic

upper cervical webs may be associated with Plummer-Vinson syndrome
e SSx: usually asymptomatic; may cause dysphagia, weight loss

e Dx: esophagram or esophagoscopy

e Rx: surgical intervention rare, dilation, endoscopic excision (laser)

Tracheoesophageal Fistulas (see pp. 568-569)

Effects of Other Systemic Diseases on the Esophagus

* Presbyesophagus: reduced peristalsis and decreased LES pressure in
the elderly, likely neuropathic

* Chagas Disease: parasitic infection (7. cruzi), destroys Auerbach’s
plexus, results in achalasia-like symptomatology

¢ Diffuse Idiopathic Skeletal Hyperostosis (DISH) (Forestier’s Disease):
paraspinous ligament calcification causes dysphagia from cervical
osteophyte compression or periesophageal soft tissue inflammation;
Dx: lateral neck x-ray, esophagram; Rx: analgesia, anti-inflammatories,
muscle relaxants; surgical reduction for severe symptoms

Esophageal Neoplasms

Benign Tumors and Cysts

* less common than malignant tumors

* may be intraluminal, intramural, or periesophageal

e SSx: dysphagia, pressure behind the sternum, bleeding, weight loss

e Dx: barium swallow (highly sensitive), endoscopy (biopsy), CT/MRI,
CXR (displacement of structures)

* Rx: typically requires endoscopic or open excision if symptomatic or
malignant potential

Bppes

e Leiomyoma: most common benign tumor of the esophagus,
intramural, arises from muscularis (usually distal 2/3); Rx: excision if
symptomatic
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Polyp: most common intraluminal lesion, usually in cervical
esophagus; Rx: endoscopic removal

Others: myoma, adenoma, fibroma, neurofibroma, lipoma,
papilloma, hemangioma, granular cell tumor

Malignant Tumors

SSx: initially painless; solid food dysphagia develops later into
odynophagia, hemoptysis, cough, hoarseness, weight loss, emesis
Dx: barium swallow, endoscopy (biopsy), CT/MRI (evaluate extent,
invasion, displacement of structures, regional metastasis), endoscopic
ultrasonography (may determine depth of invasion)

Types

Adenocarcinoma: most common (incidence has risen), distal
esophagus; Risks: Barrett’s esophagus, GERD, radiation, tobacco,
obesity, esophagitis, elderly white male

Squamous Cell Carcinoma: usually middle third of esophagus;
complications due to local invasion common (tracheoesophageal
fistulas, recurrent laryngeal nerve injury); Risks: tobacco and alcohol,
history of H&N cancer, Plummer-Vinson syndrome, caustic injury,
tylosis (nonepidermolytic palmoplantar keratoderma), achalasia,

radiation, poverty, hot beverages, esophagitis, African American male
Others: adenoid cystic carcinoma, mucoepidermoid carcinoma, small
cell carcinoma, sarcoma

Management

absence of a serosa layer allows early transmural spread, overall poor
prognosis (<15% 5-year survival)
involvement of the prevertebral fascia, trachea, carotids, or metastatic
disease should be considered incurable
high-grade Barrett’s esophagus should undergo prophylactic excision
Rx: surgical resection with adjunctive chemoradiation; palliative
measures include dilation, esophageal stents, feeding tube,
chemotherapy, radiation, laser therapy
Reconstruction Methods

1. Pectoralis/Deltopectoral Flaps: may be tubed; bulky, poor

speech, high fistula and stenosis rate

2. Colonic Interposition: one-stage procedure, high infection rate

3. Gastric Pull-Up: reliable, one-stage procedure, vagotomy and
pyloroplasty required, single anastomosis (see also pp. 296-297
for complications)

4. Jejunal Free Flap: laryngeal preservation and replacement of
cervical esophagus only (see also p. 464)
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ORAL AND OROPHARYNGEAL
BENIGN DISORDERS

Anatomy and Physiology

Tongue and Palate Anatomy
Surface Anatomy

* Fungiform Papillae: small red structures found at tip and edge of
anterior 2/3 of tongue

Foliate Papillae: located at the posterolateral tongue base
Circumvallate Papillae: raised circular structures, arranged in

V-shape at junction of anterior 2/3 and posterior 1/3 of tongue
Filiform Papillae: thin and long, distributed throughout tongue,
bumpy appearance, do not participate in taste

* Sulcus Terminalis: groove between anterior and posterior tongue
* Foramen Cecum: central point of the sulcus terminalis (origin of

thyroid gland)

Muscular Anatomy

* Tongue Extrinsics: genioglossus, styloglossus, hyoglossus (CN XII);
palatoglossus (CN X)

e Tongue Intrinsics: superior longitudinal, inferior longitudinal,
vertical, transverse layers (CN XII)

e DPalatal Muscles: palatoglossus (anterior pillar), palatopharyngeus
(posterior pillar), musculus uvulae, levator veli palatini (CN X);
tensor veli palatini (CN V)

Afferent Innervation

e Anterior 2/3 of Tongue
1. Taste: taste receptors (fungiform and foliate papillac) — lingual
nerve — chorda tympani nerve — geniculate ganglion (taste
fiber cell bodies) — nervus intermedius (CN VII) — nucleus
solitarius
2. Touch and Temperature: lingual nerve — CN'V;
e Posterior 1/3 of Tongue

1. Taste: taste receptors (foliate and circumvallate papillae,
posterior oropharynx, vallecula, and base of tongue) — CN IX
— inferior petrosal ganglion — nucleus solitarius
2. Touch and Temperature: CN IX
¢ Taste from Laryngeal Surface of Epiglottis: superior laryngeal nerve
— CN X — nucleus solitarius
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Evaluation of Disorders of Taste

Introduction

Sensations of Taste: salty, sweet, sour, bitter, umami (topographic
mapping of taste does not exist, all sensations are perceived by each
taste receptor)

Perception of Taste Components: taste, smell, texture, and

temperature

taste buds are found in fungiform, foliate, and circumvallate papillae
(not in filiform papillae) of the tongue; taste buds are also located on
the hard and soft palate, epiglottis, and posterior pharyngeal wall
saliva is required for taste

Classification of Taste Disorders

* Ageusia: no taste sensation (eg, congenital aplasia, toxins, cranial

nerve injury)

Hypogeusia: decreased sensitivity to taste (eg, radiation effect)
Hypergeusia: increased sensitivity to taste (eg, glossopharyngeal
neuralgia)

Dysgeusia/Parageusia: foul or abnormal perception of taste (eg,
infectious stomatitis, taste phantoms, radiation, chemotherapy)

Workup and Management

History and Associated Symptoms: medications (see following);

recent URI, toxin exposure; other neurologic symptoms (paresthesia,
stroke, weakness, anosmia); history of diabetes, endocrine disorders,
connective tissue disease, chronic renal failure, depression, dementia
Physical Exam: complete H&N exam including oral and
oropharyngeal exam, otologic exam (chorda tympani), cranial nerve
assessment, and other neurologic evaluation

Dx: clinical exam, olfactory and gustatory objective testing is largely
limited to research/academic settings

Rx: address underlying cause and nasal obstruction, artificial saliva
or salivary stimulants, advise to chew food well and change foods
midmeal, food color and flavor enhancers

Causes

80% of taste disorders are primary smell disorders
recent URI second most common cause
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Mucositis/Stomatitis: common causes include oral/oropharyngeal
infections, radiation-induced mucositis, and other causes of
inflammation that may involve taste buds or oral cavity (Sjogren
syndrome, lichen planus, geographic tongue)

Poor Oral Hygiene: may cause dysgeusia and parageusia

Chorda Tympani Nerve Injury: iatrogenic injury usually causes only
temporary dysgeusia because of bilateral innervation

Medications: antibacterial mouthwash, anticholinergics, aspirin,
anti-Parkinson drugs, acetazolamide, lithium, penicillamine,
chemotherapy

Neurologic: rare for selective lesions of gustatory nerves; may also
occur in multiple sclerosis, stroke, and facial paralysis

Other Causes: neoplasms, aging effects, surgical resections
(laryngectomy, glossectomy), nutritional deficiencies (zinc), endocrine
disorders (diabetes, hypothyroidism, pregnancy), renal disease,
hereditary taste disorders (may result in aplasia of taste buds)

Evaluation of Oral and
Oropharyngeal Lesions

Introduction

5-20% of leukoplakia (white lesion) is premalignant or malignant
erythroplakia (red lesion) has higher risk of malignancy (25%)

History and Physical Exam

History of Lesion: onset, duration, and progression of lesion; painful
Contributing Factors: trauma (gum biting, poor fitting dentures) or

caustic ingestion; risk factors for malignancy (weight loss, smoking,
alcohol abuse, betel nut use, family history, etc); history of connective
tissue diseases, autoimmune disorders, immunodeficiency, diabetes,
radiation therapy, other malignancies

Associated Symptoms: taste disturbances, persistent sore throat (>3

weeks), odynophagia, dysphagia, halitosis, hoarseness, trismus, fever,
malaise, persistent otalgia (referred pain with normal otologic exam)
Physical Evaluation of Lesion: describe lesion (eg, macular, papular,
ulcerative, vesicular), color (leukoplakia, erythroplakia, see Table 6-2),
adherency, induration, tenderness
Type of Leukoplakia

1. Keratotic: adherent, insidious development, protracted course,

nonerosive surface (higher risk of carcinoma)

2. Nonkeratotic: nonadherent, acute onset, erosive and ulcerative
features (associated more with acute infections)
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TABLE 6—2. Differential Diagnosis of Benign Pigmented Oral Lesions

Color Causes

Generalized pale mucosa Anemia, thalassemia
Black/brown discolorization Bismuth and arsenic intoxication
Blue-gray gingival margin Lead intoxication

(Burton’s Line)
Generalized redness Polycythemia vera, hepatic insufficiency

Perioral melanotic macules Puetz-Jeghers syndrome (GI
hamartomatous polyps)

Small yellow spots Fordyce's disease (sebaceous gland
histology)

Black-hair tongue Elongated (hyperplastic) filiform
papillae

Telangiectasia Osler-Weber-Rendu syndrome

Diffuse hyperpigmentation of mucosa  Addison’s disease

¢ Oral and Oropharyngeal Exam: visually inspect all areas of oral and

oropharyngeal cavity (indirect mirror exam) for masses and lesions
(ulceration, leukoplakia, erythroplakia), palpate floor of mouth
and base of tongue, assess mobility of tongue and any involvement
of mandible, inspect dentition (quality of teeth, occlusion), assess
surface and consistency of the tongue, palpate salivary glands and
Stenson’s duct

e Other Physical Exam: complete H&N exam (signs of underlying
malignancy, cervical adenopathy), associated cutaneous lesions

Diagnostic Testing

Biopsy

¢ all chronic leukoplakia or ulcerative lesions that fail to heal after
1-2 weeks should undergo excisional biopsy (must keep a high
suspicion for malignancy)

* biopsy specimen should include a clear margin

e consider direct and indirect immunofluorescence staining

Other Ancillary Tests

e Culture and Sensitivity: consider culture of oral/oropharyngeal mucosa

or lesion if suspect infection (eg, fever, tender cervical adenopathy);
must evaluate for aerobic, anaerobic, and fungal organisms
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e CT/MRI: indicated if suspect tumor, evaluates size and involvement
of adjacent structures; aids in staging and determining nodal status
e Labs: CBC with differential, autoimmune, and connective tissue

profiles (eg, ANA, SS-A, SS-B, ESR, Rh factor, LE cell), ACE level

Infectious Stomatitis

Herpetic Gingivostomatitis

e Pathophysiology: primary infection or reactivation of herpes simplex
virus (HSV) type 1; HSV-2 more associated with genital lesions,
although may be found in oral lesions as well

* Types

1. Primary: most common in seronegative children; associated
with fever, malaise, anorexia, cervical lymphadenopathy

2. Secondary: recurrence of dormant virus in the trigeminal
ganglion (migrates along axonal sheath); triggered by stress,
trauma, immunosuppression, UV light, pregnancy, surgery

SSx: small painful vesicles that ulcerate leaving an erythematous base

with a gray cover, heals without scar, odynophagia, fever, malaise,

cervical adenopathy, usually resolves in 1-2 weeks; secondary

reactivation often occurs at mucocutaneous junction of lips (herpes

labialis) and may be preceded by prodrome of burning, itching,

tingling

e Dx: H&D, viral culture in early stages, monoclonal antibodies, DNA
hybridization

* Rx: oral acyclovir for infections or prophylaxis (eg,

immunocompromised), topical acyclovir for labial lesions

Acute Necrotizing Ulcerative Gingivitis
(Trench Mouth, Vincent’s Gingivitis)

e Pathophysiology: mucosa infected by multiple synergistic pathogens
including spirochetes (Borrelia vincentii), fusiform rods, and
anaerobic bacteria

e Risks: malnutrition, degenerative diseases, immunocompromise,
debilitating diseases

e SSx: ulcerative (“punched out”) craters of the interdental papilla,
gray pseudomembranous cover, malaise, fever, cervical adenopathy,
halitosis

e Dx: culture, H&P

* Rx: oral hygiene, antibiotics
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Oral Candidiasis (Thrush)

Pathophysiology: opportunistic infection, typically Candida albicans
(Aspergillus may also be cultured)

Risks: long-term antibiotics, infants, elderly, immunosuppression
(corticosteroids, poorly controlled diabetes, HIV), poor nutrition
status, radiation and chemotherapy, local irritation (poor oral hygiene,
ill-fitting dentures)

SSx: friable, white (cheesy) plaques that scrape off leaving an
erythematous base, pseudomembranous erythematous plaques,
odynophagia, taste disturbances; angular cheilitis

Dx: H&P, culture (fungal stain reveals 90° pseudohyphae yeast)
Rx: topical antifungals (eg, nystatin swish and swallow), systemic
antifungals for severe forms, oral hygiene

Actinomycosis

Pathophysiology: Actinomyces israelii, present within normal teeth,
invades tissue through an extraction site or damaged tooth (or any
break in integrity of mucosa)

Risks: oral mucosal trauma, poor oral hygiene, dental infections,
immunocompromise

SSx: may occur almost anywhere in head/neck, usually presents as a
palpable mass, may have a purplish discoloration of overlying skin,
abscesses, may develop into sinus tracts

Dx: culture (requires 1-2 weeks for growth)

Histopathology: branching anaerobic gram-positive bacteria, mixed
suppurative and granulomatous reactions, sulfur granules

Rx: surgical debridement and long-term antibiotics (penicillin,
tetracycline, erythromycin)

Syphilis (see pp. 247-248)

Noninfectious Stomatitis

Erythema Multiforme

Pathophysiology: antigen—antibody complex deposit in small vessels
of the dermis and submucosa, may occur spontaneously (50%) or in
association with a hypersensitivity reaction (medication or infection)
SSx: oral or cutaneous target lesion with concentric erythematous
rings, explosive presentation, self-limited fever, odynophagia, regional

adenopathy
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e Dx: positive direct and indirect immunofluorescence (nonspecific
presentation)

e Rx: supportive, corticosteroids; treat causative infection, withdraw
causative drug

Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis

e severe life-threatening forms of erythema multiforme

* SSx: Stevens-Johnson Syndrome includes widespread lesions (mouth,
eyes, genitalia, respiratory tract; >10% of total body surface area),
photophobia, blindness, fever; TEN hallmark is full thickness
epithelial detachment and necrosis (>30% body surface area)

* Rx: supportive (hydration, analgesics, antipyretics), airway
management, high-dose corticosteroids, topical creams; treat causative
infection, withdraw causative drug

Pemphigus Vulgaris

e Dathophysiology: autoantibodies against desmosome-tonofilament
complexes (desmoglein 1 and 3, intracellular bridges) result in
acantholysis (loss of cellular cohesiveness) and intraepithelial
blistering

¢ Risks: Ashkenazi Jews, Mediterranean, Southern Asia, other
connective tissue disorders

e SSx: painful blisters in oral or pharyngeal mucosa, desquamative
gingivitis, Nikolsky’s sign (rubbing or trauma of uninvolved mucosa
produces an ulcer)

* Histopathology: intraepithelial cell splitting (suprabasilar), attached
rows of basal cells to lamina propria (row of tombstones), Tzanck
cells (free squamous cells, more spherical from loss of intracellular
attachment)

e Dx: direct immunofluorescence of intracellular substance
(intraepithelial blistering), positive serum antibodies (indirect
immunofluorescence)

* Rx: oral corticosteroids, may consider immunosuppressives; often
fatal if untreated

Cicatricial Pemphigoid (Ocular Pemphigus, Benign
Mucous Membrane Pemphigoid, Mucosal Pemphigoid)

e Pathophysiology: autoantibodies result in subepidermal blistering

e SSx: occurs in mucus membranes (cutaneous lesions rare),
subepithelial bullae or desquamative gingivitis primarily involving
attached gingiva, Nikolsky’s sign (see Pemphigus Vulgaris); severe
adhesions form with healing, eg, ocular lesions (50-70% incidence;
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conjunctivitis, blindness, symblepharon, entropion), webs and
stenosis within aerodigestive tract; presents in 5th—6th decade in
females > males; often recurs

¢ Dx: direct immunofluorescence in basement membrane
(subepithelial clefting), negative indirect immunofluorescence (too
localized)

e Rx: topical, intralesional, and oral corticosteroids; may consider
immunosuppressives

Bullous Pemphigoid

e Dathophysiology: autoantibodies result in subepidermal blistering

e SSx: similar to cicatricial pemphigoid; however, bullous pemphigoid
has cutaneous lesions (oral lesions rare), subepithelial bullae of
flexor surfaces, groin, and abdomen; presents in 7th—8th decade in
males/females equally, self-limited

e Dx: direct immunofluorescence in basement membrane
(subepithelial clefting), positive serum indirect immunofluorescence
(70%)

e Rx: topical, oral corticosteroids; may consider immunosuppressives

Lichen Planus

e Pathophysiology: autoimmune disease in which the basal layer is
destroyed by activated lymphocytes, may be familial, may be induced
by medication (eg, penicillamine, methyldopa, phenothiazines,
antimalarials)

* Types

1. Reticular: lacy white lines (Wickham’s striae), most commonly
occurs on buccal mucosa (may also be on palate, lips, and
tongue)

2. Plaque: smooth and macular, appears like leukoplakia

3. Atrophic (Erythematous): faint white striac over thinned,
reddened, atrophic mucosa; painful

4. Erosive and Bullous: multifocal, painful, ulcerative lesions,
common on buccal mucosa and dorsum of tongue

5. Ulcerative: may involve buccal mucosa (more common on the
feet and toes), painful

6. Annular: more common on lips, ringed edges composed of
small papules

e SSx: recurrent “purple, polygonal, pruritic papules” of various
features (depending on type) with a predilection for the flexor surfaces
and trunk; however, 60-70% may present on the lips, oral mucosa, or
eyelids; oral lesions tend to be chronic
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Dx: clinical exam, biopsy

Kobner Isomorphic Phenomenon: lesions may be provoked by
physical trauma (eg, itching, scratching)

Histopathology: vacuolar alteration of the basal cell layer resulting
in Civatte bodies (degenerative eosinophilic ovoid keratinocytes),
“sawtooth” pattern of epidermal hyperplasia, lymphocytic infiltration
of lamina propria

Complications: 1-4% risk of malignant transformation into
squamous cell carcinoma (higher risk with ulcerative lesions)

Management

no cure, treat painful, erythematous, and erosive lesions; closely
follow suspicious lesions

Identify Reversible Contributing Factors: medications, dental
restoration, improve oral hygiene (frequent teeth cleaning); avoid
tobacco, alcohol, and smoking abuse

Medical Therapy: may consider oral, intralesional or topical

corticosteroids and retinoids

Aphthous Ulcers

most common oral ulcer
Pathophysiology: idiopathic, may be immunologic, infectious,
hormonal, stress-induced, traumatic, pharmacologic or nutritional;
familial tendency
Types
1. Minor: most common, burning and tingling before ulcer
formation, <1 cm in diameter, painful, lasts 7-10 days
2. Major: more painful and larger (1-3 cm in diameter), multiple
(1-10), risk of scar formation, lasts >1 month
3. Herpetiform: less common; numerous small ulcers 1-3 mm in
diameter, may coalesce, risk of scar formation, lasts >1 month
Sutton’s Disease: severe recurrent aphthous ulcers (major type);
craterform ulcerations with deep necrosis; patients may be febrile with
lymphadenopathy
SSx: painful, white ulcerations surrounded by a border of
erythematous mucosa, may be multiple
Dx: H&P
Rx: observation (self-limited), consider anti-inflammatory agents,
antibiotics, antivirals, oral, perilesional and topical corticosteroids,
cauterization (silver nitrate), Lactobacillus capsules
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Behget’s Disease

e Pathophysiology: idiopathic vasculitis
e SSx
1. recurrent painful aphthous ulcers of the upper respiratory tract
and genitalia
. ocular inflammation (uveitis, iritis, papilledema, blindness)
. cutaneous vasculitis
. progressive SNHL, tinnitus, vertigo

N N

. systemic involvement (CNS, GI tract, large vessel vasculitis)

* Dx: clinical symptomatology

* Rx: no proven cure; may consider immunosuppressives, topical and
systemic corticosteroids, low-dose colchicine, IVIG

Other Oral Lesions

Amyloidosis

e Dathophysiology: abnormal deposition of fibrillar protein and
polysaccharide complexes

* Types: classified chemically (“A” for amyloid followed by abbreviation
of the fibril protein); systemic (AL, AA, ATTR, AB2M) and localized
(AANE AIAPP, ASem1) forms

e more common in African Americans and Puerto Ricans, 3rd—4th
decade (rare <15 years old)

e H&N SSx: 10-15% present in H&N, macroglossia (tongue most
common H&N site, 50%), true vocal fold deposition, anterior
subglottic mass, orbital deposition

* Dx: biopsy and stain with Congo red (apple-green birefringence
under polarized light)

e Rx: conservative surgical excision for symptomatic lesions

Primary Leukoplakia

* Pathophysiology: many potential etiologies including chronic
irritation (dentures, teeth), smoking, betel nut use, infection

e SSx: white patch that cannot be removed by rubbing (keratotic)

* Dx: incisional biopsy (must rule out malignancy)

* Histopathology: hyperkeratosis, acanthosis, atypia, dysplasia

* Complications: 10-30% malignant potential

e Rx: excision
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Hairy Leukoplakia

e Pathophysiology: benign mucosal hyperplasia, associated with EBV
and HIV

* SSx: painless, lateral tongue lesions

* Dx: H&D, biopsy

¢ Histopathology: hyperkeratosis, parakeratosis, acanthosis

e Rx: observation; may consider high-dose acyclovir, antiretroviral
therapy if HIV

Squamous Papilloma

* most common benign tumor of oral cavity and pharynx
e Pathophysiology: benign lesion associated with HPV

o SSx: well-demarcated papillary lesion, painless

* Dxand Rx: excisional biopsy

Salivary Gland Cyst and Mucocele (see pp. 83-84)

Pharyngitis
Acute Pharyngitis

e Dathogenesis: primarily infectious, may be secondary to sinonasal
disease, caustic injury, chronic allergy, GERD, smoking, and
endotracheal intubation

e Pathogens: viral (40-60%) > bacterial, secondary bacterial infections
less common (streptococci, pneumococci, /. influenzae)

e SSx: sore throat, odynophagia, otalgia (referred), malaise, fever,
erythema, cervical adenopathy

e Dx: clinical exam; consider throat cultures, GABHS rapid antigen
test, antistreptolysin-O (ASO), Monospot test; viral smears rarely
indicated

* Rx: assess airway, supportive care (bed rest, hydration, humidity,
lozenges, anesthetic sprays [eg, benzocaine, lidocaine], iodine
glyceride solutions, antipyretics, decongestants), antibiotics for
suspected bacterial infections

Viral Pharyngitis

* most common cause of pharyngitis

e viral infections tend to have lower grade fever, more indolent course,
generalized adenopathy, and other associated symptoms of a URI
(cough, sneezing, rhinorrhea)
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 Rhinovirus: URI symptoms (thinorrhea, fever, cough)
e Coronavirus: similar to rhinovirus

* Adenovirus: conjunctivitis (pharyngoconjunctival fever)
e HSV: vesicular lesions

EBV: see Infectious Mononucleosis following

¢ Coxsackievirus: hand-foot-and-mouth disease, herpangina (see
following)

* Others: influenza, parainfluenza, HIV, CMV, enterovirus, mumps,

rubella, RSV

Group A B-Hemolytic Streptococcus (GABHS) Pharyngitis

* most common cause of bacterial pharyngitis (“Strep throat”)

e SSx: more sudden onset than viral, headache, typically not associated
with a cough or rhinorrhea, high-grade fever, tonsillar/palatal
petechiae (also seen in mononucleosis), exudative tonsils, tender
anterior cervical adenopathy

* Dx: clinical exam, GABHS rapid antigen test (70-90% sensitive,
>95% specific), throat culture (90-95% sensitive), antistreptolysin-O
(ASO)

e Rx: all GABHS should be treated to prevent rheumatic fever,
antibiotics and supportive care as previous

Rheumatic Fever

e Dathophysiology: local invasion causes release of extracellular
toxins and proteases; bacterial M proteins are similar to
myocardial sarcolemma antigens, results in inflammatory lesions
of the connective tissue of the heart, joints, blood vessels, and
subcutaneous tissue

* rare complication of untreated GABHS infection (more common
in tropical and developing nations)

* typically resolves after 6 weeks

¢ SSx and Dx: based on American Heart Association Modified
Jones Criteria, must have a previous streptococcal infection + 2
major Jones criteria or 1 major and 2 minor Jones criteria

* Major Jones Criteria: carditis (cardiomegaly, valvular disease,
CHF), migratory polyarthritis (occurs 2—6 weeks after initial
infection), subcutaneous nodules (Aschoff bodies), erythema
marginatum (serpiginous rash), chorea

* Minor Jones Criteria: arthralgia, fever, elevated acute phase
reactants (CRP, ESR), prolonged PR interval

e Rx: treat GABHS infection, NSAIDs and corticosteroids, may
require cardiac medications as well as haloperidol for chorea
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Pediatric Autoimmune Neuropsychiatric Disorders Associated

with Streptococcal (PANDAS) Infections: see p. 534

Acute Poststreptococcal Glomerulonephritis

e Pathophysiology: may result from antibody—antigen complex

deposition in glomeruli

typically self-limiting after 3 months

* SSx: may be asymptomatic; 1-3-week latent period postinfection;
generalized edema, hypertension, gross hematuria, general malaise,
and fever

e Dx: positive streptococcal tests (cultures, antibodies), urine
analysis (proteinuria, hematuria, and urinary casts), renal tests,
reduced total hemolytic complement (decreased C3); renal biopsy
rarely required

* Rx: supportive medical management (antihypertensives, diuretics,
fluid restriction, nephrology consultation), antimicrobial
management for GABHS

Scarlet Fever

* DPathophysiology: secondary effect from exotoxin produced by
GABHS

* SSx: fine, blanching erythematous papules, initially on trunk
then become generalized, tonsils and pharynx deep red, strawberry
tongue, perioral skin erythema and desquamation, dysphagia,
malaise, severe cervical lymphadenopathy

* Dx: H&D, ASO titers, cultures and sensitivity

e Rx: antibiotics and oral hygiene

Other Causes of Acute Pharyngitis

o Syphilis (7reponema pallidum): spirochete infection, may present as
a form of primary or secondary syphilis 2-3 months after primary
infection, dark red papules on the tonsils or pharyngeal wall;

Rx: penicillin, tetracycline, erythromycin

e Pertussis (Bordetella pertussis): gram-negative coccobacillus,
paroxysmal coughing with loud inspiratory sound (“whooping”
cough), affects tracheobronchial tree and pharyngeal/laryngeal
mucosa, progresses in 3 stages (catarrhal, paroxysmal, convalescent);
Rx: supportive care, typically self-limited, immunization (preventive)

* Gonorrhea (Neisseria gonorrhea): gram-negative diplococcus
transmitted by sexual contact, typically asymptomatic although may
present as a sore throat; PCR, gram stain, or culture on chocolate
or Thayer-Martin agar for identification; Rx: high incidence of
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penicillin-resistant strains, consider ceftriaxone and doxycycline,
also tetracycline, trimethroprim-sulfamethoxazole; always treat
concomitantly for chlamydia

Diphtheria (Corynebacterium diphtheriae): rare since vaccine;
presents with a pharyngeal grayish exudative membrane, lethargy,
swollen neck; Rx: airway management, diphtheria antitoxin,
antibiotics (see also p. 572)

Infectious Mononucleosis: see pp. 536-537

Candidiasis: see p. 211

Herpangina

Pathogen: coxsackie A virus

SSx: small oropharyngeal vesicular or ulcerative lesions (anterior
pillar, palate, buccal mucosa), throat pain, benign rapid course, high
fevers, fatigue, anorexia, variable rash

similar lesions may occur in hand, foot, and mouth disease

Dx: H&P

Rx: symptomatic; oral hygiene, observation (rapid self-limiting
course), analgesics, hydration, bed rest

Chronic Pharyngitis

Causes: postnasal drip (chronic rhinosinusitis), irritants (dust, dry
heat, chemicals, smoking, alcohol), LPR, chronic mouth breathing
(adenoid hypertrophy), voice abuse, allergy, granulomatous diseases
and connective tissue disorders, malignancy, radiation therapy

SSx: constant throat clearing, dry throat, odynophagia, thickened
and granular pharyngeal wall, pharyngeal crusting

Dx: H&P, culture and biopsy if failed empiric therapies

Rx: address underlying etiology, avoidance of contributing factors
(smoking, dust, dry environment, etc), symptomatic treatment similar
to acute pharyngitis

Adenotonsillar Pathology (see pp. 534-537)
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ODONTOGENIC, JAW, AND
BONE PATHOLOGY

Evaluation of the Jaw Mass

History and Physical Exam
History

e Character of Jaw Mass: onset, duration, and progression of growth;
presence of pain (pain often associated with infected or malignant

lesions)
¢ Contributing Factors: complete dental history including recent
dental work and caries; history of other skin lesions (basal cell nevus

syndrome), recent trauma, other congenital defects (cleft palate or lip)

* Associated Symptoms: fever, weight loss, malaise, TM] pain

Physical Exam

e Character of Jaw Mass: size, distribution, tenderness, consistency,
solitary versus multiple lesions
* Dental Exam: complete dental exam including percussion, presence

of impacted teeth (follicular or dentigerous cysts) and nonviable teeth,
malalignment (may result from divergent roots from compressive
effects of underlying mass)

Management
Radiographs

* Intraoral Radiographs: indicated for screening dental disease; provide
excellent detail; available in dental offices; inadequate evaluation of

ramus, condyle, and inferior aspect of the mandible
Panorex (Orthopantomogram): assesses entire mandible in a single

view, inadequate visualization of symphyseal region
Mandibular Series: multiple extraoral views, difficult to delineate

small lesions
e CT/MRI: not cost-effective for screening; indicated for large,
distorting lesions and preoperative planning for malignancy

Biopsy
e Fine Needle Aspiration (FNA): allows acquisition of cells with

minimal morbidity, may aspirate cysts for culture and sensitivity
(vascular lesions may be aspirated to avoid hemorrhage from open

biopsies)
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* Excisional Biopsy: for small lesions with low suspicion for
malignancy by radiographs
e Incisional Biopsy: for larger, potentially malignant lesions to obtain

diagnosis prior to definitive resection

Jaw Cysts

Introduction

* Odontogenic Cysts: epithelial-lined structures derived from
odontogenic (tooth-forming) epithelium, surrounded by a connective
tissue wall

* lesions are defined primarily by location of cyst and less from
histology

Odontogenic Cysts
Periapical Cyst (Radicular Cyst)

* most common odontogenic cyst
e Pathophysiology: nonviable tooth (dental decay) causes pulpal

necrosis, resulting in osteitis of periapical bone from dental canal,

epithelial cell rests of Malassez proliferate from inflammatory
stimulation in the periodontal membrane causing cyst formation

* typically located on anterior maxilla and posterior mandible

* Lateral Periodontal Cyst: less common variant found on lateral
aspect of the tooth

* Residual Cyst: remains after extraction of offending tooth

e SSx: typically asymptomatic, may elicit pain with percussion or heat
or when secondarily infected

* Radiographic Findings: radiolucency at root apex of tooth with
associated dental caries or pulp injury

* Histopathology: stratified squamous epithelium lining, unless derived
from maxillary sinus and thus lined by pseudostratified ciliated
columnar epithelium

e Complications: local cellulitis; fascial plane infections; abscess
formation; fistula to oral cavity, skin, or nasal cavity; sepsis; jugular
vein thrombosis; osteomyelitis; orbital extension, rare malignant
transformation

e Rx: antibiotics, drainage of abscess, and endodontic therapy (root
canal to remove tooth)

Follicular Cyst (Dentigerous Cyst)

¢ second most common odontogenic cyst
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e Pathophysiology: disruption of late odontogenesis (associated with an
unerupted tooth, especially mandibular and maxillary third molar),
cyst grows within the normal dental follicle

e SSx: initially asymptomatic, often diagnosed late with jaw deformity

* Radiographic Findings: well-defined, unilocular radiolucency at
crown of an unerupted tooth, may displace teeth

* Histopathology: outer thin connective tissue wall with a thin
stratified squamous epithelium inner layer

e Complications: rare risk of malignant transformation in cyst wall
(unicystic ameloblastoma, epidermoid carcinoma)
* Rx: enucleation and curettage, marsupialization if large

Primordial Cyst

e Dathophysiology: degeneration of odontogenesis results in cyst
development where a tooth would normally develop

e SSx: typically asymptomatic

* Radiographic Findings: ovoid, well-demarcated lesions, may be
multiloculated

e Complications: may become secondarily infected, 50% are

considered keratocystic odontogenic tumors

* Rx: enucleation and curettage, must consider keratocystic
odontogenic tumor if recurs (see below)

Eruption Cyst

e Pathophysiology: developmental cyst within the soft tissue, not bone
e SSx: bluish cyst overlying the alveolar ridge, typically resolves

* Radiographic Findings: translucent, dome-shaped cyst

* Rx: usually none, excise if symptomatic

Nonodontogenic Cysts

¢ Nasopalatine Duct Cyst (Incisive Canal Cyst): most common
nonodontogenic cyst, derived from embryologic remnant of the
nasopalatine duct, located between the maxillary central incisors
(heart-shaped lucency, >10 mm); Rx: enucleation and curettage if
symptomatic

* Midpalatal Cyst of Infants: arises from epithelium trapped between
embryologic palatal shelves (“fissural”), midline palatal mass;
Rx: enucleation and curettage

* Nasolabial Cyst: arises within the labial vestibule, swelling of the
upper lip or nasal floor; Rx: excision

¢ Stafne Bone Cyst (Static Bone Cavity, Latent Bone Cyst): due to
aberrant salivary gland tissue located in the posterior mandible, not
actually a cyst; Rx: observation
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* Aneurysmal Bone Cyst: more common in teenagers with
prior trauma to the mandible, painful, not a true cyst; Rx: rapid
enucleation to avoid hemorrhage

* Idiopathic Bone Cavity (Traumatic Bone Cyst): not a true
cyst; may be secondary to a traumatic intramedullary hemorrhage
with degeneration of the clot, resulting in an air-filled bony space;
Rx: biopsy to rule out other lesions

Odontogenic Tumors
Epithelial Tumors
Ameloblastoma

* most common odontogenic epithelial tumor

e Pathophysiology: benign neoplasm of uncertain origin, arises from
dental lamina, locally invasive (thought of as the oral counterpart to
basal cell carcinoma)

* peak occurrence 3rd—4th decade

* 80% mandibular

e rare malignant transformation (see following)

* Types

1. Central: arises in bone (intraosseous)

2. Plexiform Unicystic: more aggressive central variant, occurs in
the lining of follicular cysts or impacted teeth

3. Peripheral: arises in soft tissue around alveolar bone, much less
aggressive, may be treated with local excision

e SSx: slow growing, painless, intrabony mandibular swelling; may
resorb tooth roots

* Radiographic Findings: expansile radiolucent multiloculations (“soap
bubbles” or “honeycombed”)

e Histopathology: various histologic patterns; most common is the
follicular pattern with islands of epithelium lined with columnar cells,
central mass of loosely arranged cells (stellate reticulum), collagenous
stroma

e Rx: wide excision with 1 cm bony margin and immediate
reconstruction for central ameloblastomas, 3—5 cm margin for
plexiform unicystic types

Malignant Ameloblastoma

e Pathophysiology: rare malignant degeneration from ameloblastoma
resulting in metastasis

* SSx: regional or distant metastasis (most commonly lung) with
aggressive local invasion

* Radiographic Findings: radiolucency with poorly defined margins
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e Dx: biopsy of metastasis reveals similar histology to primary
ameloblastoma with malignant features (atypical mitotic figures,
invasion, pleomorphism)

* Rx: aggressive local resection, neck dissections for positive
lymphadenopathy, consider postoperative radiation and/or
chemotherapy

Keratocystic Odontogenic Tumor (KCOT)

* previously called odontogenic keratocyst (OKC)

* more aggressive and difficult to remove than odontogenic cysts

* DPathophysiology: similar to primordial cysts

* may be associated with a crown of unerupted tooth (follicular cyst) or
tooth root (periapical cyst)

* most common in the mandibular third molar and ramus

SSx: usually asymptomatic, incidentally discovered radiographically

Dx: histology, FNA (white keratin-containing aspirate)

Radiographic Findings: similar to primordial cysts

Histopathology: (determines diagnosis) thin stratified squamous

epithelium, columnar, or cuboidal basal cell layer; both parakeratin or

orthokeratin may be present; lumen may be filled with degenerated

keratin

* Complications: local destruction, secondary infection, 10-60%
recurrence

* Basal Cell Nevus Syndrome (Gorlin Syndrome): autosomal
dominant, multiple KCOTs, also basal cell carcinoma, bifid ribs,
hypertelorism, mandibular prognathism, calcification of falx cerebri
(85%), palmar pitting (65%), depressed midface, and frontal and
parietal bossing

* Rx: enucleation and aggressive curettage (rotary bur) often
multilocular, careful follow-up for recurrence, consider resection
with 1 cm margins for recurrent KCOTs

Calcifying Epithelial Odontogenic Tumor (Pindborg Tumor)
e Pathophysiology: rare, benign infiltrating lesion, derived from the

stratum intermedium

associated with impacted molars

e SSx: slow growing, painless, intrabony mandibular swelling (similar
to ameloblastoma), can be infiltrative and destructive

Radiographic Findings: unilocular radiolucency with calcifications

Histopathology: sheets or islands of epithelial cells with eosinophilic
cytoplasm, may contain amyloid with concentric calcifications or
psammoma-like bodies (Liesegang rings)

e Rx: similar to ameloblastoma
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Calcifying Cystic Odontogenic Tumor (Calcifying
Odontogenic Cyst, Gorlin’s Cyst)

Pathophysiology: derived from proliferating epithelium, necrotic
degeneration forms cysts

SSx: anterior mandibular asymptomatic swelling

Radiographic Findings: well-circumscribed radiolucency with central
calcifications

Histopathology: cysts with solid forms lined by eosinophilic cells and
“ghost” cells, may cause giant-cell reaction

Rx: enucleation and curettage (en bloc resection for rare neoplastic
variants)

Ameloblastic Fibroma

Pathophysiology: true neoplasm with epithelial and mesenchymal
elements, occurs in younger patients (5-20 years old)

SSx: similar to ameloblastoma

Radiographic Findings: similar to ameloblastoma

Histopathology: islands of columnar or cuboidal epithelium with
various arrangements (islands, cords, strands), central papilla-like

connective tissue
Rx: enucleation and curettage (does not require 1 cm margin as with
ameloblastoma)

Ameloblastic Odontoma

Pathophysiology: hamartomatous (nonneoplastic) lesion derived
from epithelial (enamel-secreting) and mesenchymal (dentin-
secreting) elements

associated with dentigerous cyst

SSx: typically asymptomatic, may prevent tooth eruption
Radiographic Findings: radiopaque mass surrounded by a thin
radiolucency (may be associated with an unerupted tooth)

Histopathology: presence of dentin and enamel (similar to a dental
follicle), “ghost” cells
Rx: enucleation and curettage (low risk of recurrence)

Adenomatoid Odontogenic Tumor

Pathophysiology: hamartomatous growth

“Two-Thirds Tumor”: 2/3 occur in the anterior maxilla, 2/3 occur
in females, 2/3 associated with an impacted tooth (cuspids); also
occurs in 2nd and 3rd decades of life

SSx: maxillary mass, typically anterior to the molars, slow progressive
growth
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e Histopathology: spheres of cuboidal and spindle cells, amyloid and
dystrophic calcifications

* Rx: enucleation and curettage (low risk of recurrence since often
degenerates)

Mesenchymal Tumors

Cementomas

* class of benign tumors that secrete cementum
* Types
1. Periapical Cemental Dysplasia: more common in black
females, multiple lesions, develops through varying stages
(osteolytic, cementoblastic, and maturation)
2. Cementoblastoma: true benign tumor of cementoblasts of the
tooth root, usually from first mandibular tooth
3. Cementifying Fibroma: similar to ossifying fibroma (see following)
e SSx: asymptomatic mandibular bony mass
e Rx: observation for periapical cemental dysplasia, curettage with
extraction for cementoblastomas

Odontogenic Fibroma and Myxoma

e Pathophysiology: arise from periodontal ligament, dental papilla, or
dental follicle

e SSx: slow growing, asymptomatic mandibular mass

* Radiographic Findings: smooth-bordered radiolucency, may occur
around the crown of an unerupted tooth

* Histopathology: fibromas contain an abundance of collagen-
producing fibroblasts, myxomas have fewer cells with a mucoid
intracellular matrix

* Rx: fibromas require simple enucleation, myxomas are more difficult
to excise and have a 25% recurrence rate

Nonodontogenic Tumors

Fibro-osseus Jaw Lesions

Osseous Dysplasia
e Pathophysiology: reactive disorder

* more common in young African Americans

* SSx: alveolar bone mass, typically asymptomatic

* Dx: biopsy, Panorex or plain x-rays (multiple radiolucent/radiopaque
intraosseous lesions, “cotton wool” appearance)

* Rx: observation, excision if symptomatic
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Ossifying Fibroma

* Pathophysiology: benign, nonodontogenic tumor of the mandible or
maxilla

* more common in females

e SSx: painless, slow-growing mandibular mass, may displace teeth

¢ Radiographic Findings: well-demarcated, cannonball-like,
homogeneous opacity

* Histopathology: abundant collagen with varying calcification
e Rx: enucleation with curettage, may consider en bloc resection for
aggressive or recurrent lesions

Fibrous Dysplasia

e Pathophysiology: genetically based, hamartomatous lesions of
maxilla or mandible, medullary bone replaced by fibro-osseous tissue
* more common in middle-aged women
* Types
1. Monostotic: one bone involved, most common form
2. Polyostotic: more than one bone involved (McCune-Albright
Syndrome: polyostotic fibrous dysplasia, precocious puberty,
abnormal skin pigmented lesions)

3. Juvenile: rapidly destructive, aggressive, destroys teeth, refractory
to treatment
e SSx: slow growing, painless, well-circumscribed, marble-like mass;
destroys bone; unilateral facial deformity (mass does not cross
midline, developmental plates)

Dx: biopsy; CT, Panorex, and plain x-rays (ground glass, “Chinese
writing,” irregular, multiloculated, diffuse margins, eggshell-thin
cortex from destruction of cortical bone, may obliterate the sphenoid
and frontal sinuses)

* Rx: excision and curettage of lesions if disfiguring, cosmetic shaping

Other Nonodontogenic Lesions

Torus Mandibularis and Palatinus

e Pathophysiology: developmental anomaly, enlargement of bone of
the lingual surface of the mandible or the hard palate

e SSx: typically asymptomatic

e Dx: clinical exam

e Rx: observation, excision if symptomatic

Cherubism

e Pathophysiology: autosomal dominant mutation, results in symmetric
enlargement of mandibular body and ramus (rarely involves maxilla)
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e SSx: painless, round “cherub” face (broad cheeks, enlarged jaw);
regresses at puberty

¢ Radiographic Findings: multilocular cystic changes in the mandible
and maxilla and often in the anterior ends of the ribs

* Rx: observation, may consider surgical options after puberty for
persistence

Paget’s Disease

¢ also called osteitis deformans (older term), osteodystrophia
deformans (newer term)

Pathophysiology: autosomal dominant, increased bone resorption
and formation resulting in dense but fragile bone, involves the

lumbosacral regions and skull

¢ Dhases
1. Lytic: replacement of bone with vascularized stroma, destructive
phase
2. Mixed: increased osteoclastic and osteoblastic activity, formation
of Paget bone

3. Sclerotic: decreased osteoclastic activity, increased hard, dense
bone formation
* more common in >40 years old (fibrous dysplasia affects younger
patients)
* SSx: bone pain, enlarged skull, dorsal kyphosis, bowed legs,

nonunion fractures, hearing loss (SNHL and CHL), neurologic

sequelae from compressive effects
e Dx: characteristic Panorex and plain x-rays (polyostotic, mosaic
pattern of bone); bone scan (evaluate extent of disease); elevated
serum alkaline phosphatase (used as a marker to monitor therapy),
calcium, and urine hydroxyproline from increased bone turnover
¢ Radiographic Findings: multiple, multiloculated, well-defined

radiolucencies (lytic lesions), thin cortex, sclerotic lesions in later
phases

e Complications: hypercalcemia, polycythemia, cardiac failure,
malignant transformation (osteosarcoma, giant cell tumor),
neurologic compression, normal pressure hydrocephalus, pathologic
fractures

* Rx: consider physical therapy (to increase muscle support) if
asymptomatic and localized; medical management for symptomatic or
complicated disease includes calcitonin, cytotoxic agents, etidronate,
analgesics



CHAPTER 6 General Otolaryngology 229

Temporomandibular Joint Disorders

Temporomandibular Joint (TM])
Anatomy (sec Figure 6-1)

e Vascular Supply: superficial temporal artery

e Sensory Innervations: auriculotemporal, masseteric, and deep
posterior temporal nerves (CN V;)

* Diarthrodial Joint: true synovial joint (freely mobile) with two
modes of movement (gliding and hinging)

* Glenoid Fossa: socket within the temporal bone, lined with
fibrocartilages

e Articular Eminence: anterior aspect of the glenoid fossa which
articulates with the condyle

Fibrocartilaginous Articular Disk (Meniscus)

e the articular disk is interposed between the articulating components
(separates the superior and inferior synovial compartments)

e attaches to the condyloid process by the lateral and medial ligaments
and by the inferior lamina of the meniscotemporomandibular frenum

<— Anterior Superior joint
cavity
Inferior joint
cavity

Anterior capsular
ligament Aditus ad

antrum

Lateral pterygoid
muscles

Articular

Mandible External

auditory
canal

Mandibular
condyle

Styloid

Lateral process

ligament (cut)

FIGURE 6-1. Components of the temporomandibular joint.
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e Disk Bands: anteriorly attaches to the lateral pterygoid muscle
(2 mm disk thickness), intermediate region (thinnest zone, 1 mm disk
thickness), posteriorly (thickest, 3 mm disk thickness)

* Functions: stability, allows rotational and translatory motions,
absorbs shock forces

Temporomandibular Joint Syndrome

e Risks: nocturnal bruxism (jaw clenching during sleep, associated with
muscle strain), recent trauma or intubation, stress, psychiatric history

e SSx: jaw pain or referred otalgia (worse with movement or chewing),
tender/warm TM]J (may have crepitus and clicking), reduced
intraincisor opening (normal 40-50 mm), headaches, toothache,
facial pain, trismus

e Dx: H&P CT/MRI may be considered for select cases

Types

* Myofascial Pain Dysfunction Syndrome: most common, no
destructive changes of TMJ, commonly involves muscles of
mastication, stress disorder, associated with bruxism

* Internal Derangement: from TM] disk displacement (see following)
or chronic dislocations

TM]J Disk Displacement
e Pathophysiology: joint dislocation secondary to disruption of the

ligamentous attachments
e Causes: hyperextension of jaw secondary to intubation, forceful teeth
extraction (especially third molars), or retraction from tonsillectomy;
chronic clenching, facial trauma
* Types
1. Reducing: joint “clicks” back into alignment with jaw opening
(anterior displacement most common due to vector force of the
lateral pterygoid muscles)
2. Nonreducing: joint “locks” with jaw opening

Medical Management

e carly management key to prevent progression of joint degeneration
e Behavior Modifications: soft diet (may require liquid diet, smaller
bites), avoid gum chewing, warm compresses

e Physical Therapy: reduction (may require sedation), repositioning,
repetitive jaw stretching, active and passive mobilization
* Medical Management: analgesics and NSAIDs (narcotics should be

avoided), muscle relaxants, antidepressants, benzodiazepines, may
consider corticosteroid injections
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 Dental Management: consult for malocclusion, carious teeth, poorly
fitting dentures, possible orthognathic surgery

e Prosthetic Devices: occlusal splints (can reduce muscle pain
associated with bruxism)

Surgical Management

e cffectiveness controversial, indicated for confirmed TM]J intracapsular
derangements

¢ Arthroscopy and Arthrotomy: exploration of TM], removes debris,
lyses adhesions

* Discoplasty, Discectomy: repositioning, plication, removal, or
reduction of articular disc; indicated for fractured or malaligned discs

Other Articular and Osteogenic Pathology

Congenital and Developmental Diseases

e Agenesis: typically unilateral, associated with otologic abnormalities

* Maxillomandibular Hypoplasia or Hyperplasia: facial asymmetry,
malocclusion (cross-bite), hypoplasia may be acquired (radiation
effects, infection, trauma)

Arthritis

* Degenerative Arthritis: occurs in the elderly, primarily a mechanical
process, minimal inflammatory changes, destroys articular tissue;
radiograph may reveal erosion of condyle; Rx: conservative
management (as previous), rare surgical indications

¢ Infectious Arthritis: rare, unilateral lesion; Rx: antibiotics,
restrict movement, consider aspiration or incision and drainage for
suppurative infections

* Rheumatoid Arthritis: usually bilateral lesions, radiograph reveals
bone destruction; Rx: medical management (eg, anti-inflammatory
agents, hydroxychloroquine, monoclonal antibodies), jaw exercises,
consider surgery for ankylosis (see pp. 251-252)

¢ Traumatic Arthritis: trauma-related edema, intraarticular
hemorrhage, and disk injury; Rx: NSAIDs, heat compress, restrict jaw
motion

Other Causes

* Mandible and Maxilla Fractures: see pp. 636-647

* Neoplasm: rare benign and malignant tumors of bone and cartilage

* Ankylosis: most often from trauma or rheumatoid arthritis, typically
unilateral, fibrous and bony types; Rx: surgical management (see
previous), physical therapy
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NECK MASSES

Anatomy of the Neck
(see Figures 6-2 and 6-3)

Anterior Cervical Triangle

* Boundaries: midline of the neck, posterior border of SCM, inferior
border of the mandible

Submandibular (Digastric) Triangle: bordered by the inferior
border of the mandible, and by the anterior and posterior digastric
Submental (Suprahyoid) Triangle: bordered by the left and right
anterior digastric and the hyoid bone (only unpaired triangle)
Carotid (Superior Carotid) Triangle: bordered by the superior
omohyoid, posterior digastric muscle, posterior border of SCM
Muscular (Inferior Carotid) Triangle: bordered by the superior
omohyoid, midline of the neck, posterior border of SCM

Anterior triangle Anterior triangle

I
Mandible

Trapeziys
snizadell

Clavicle Clavicle

Posterior triangle Posterior triangle

FIGURE 6-2. Schematic of cervical neck triangles and subtriangles.
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Posterior Cervical Triangle

Boundaries: clavicle, posterior border of SCM, anterior border of the
trapezius muscle

Occipital Triangle: bordered by the posterior border of SCM,
anterior border of the trapezius, inferior omohyoid
Supraclavicular (Subclavian) Triangle: bordered by the posterior
border of SCM, clavicle, inferior omohyoid

Contents of the Posterior Triangle: scalene, posterior cervical, and
supraclavicular nodes; pleural apices; phrenic nerve, brachial plexus
(trunks); subclavian artery and vein; anterior scalenes; thyrocervical
trunk branches (dorsal scapular, transverse cervical, supraclavicular,
and inferior thyroid arteries)

Evaluation of the Neck Mass

History

Character of Neck Mass: onset, duration, and progression of growth;

pain

Contributing Factors: recent URI, sinus infe