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Definitions

Displaced fracture – Separation of bone fragments,

usually causes form and function disturbances due to

loss of anatomical alignment.

Greenstick fracture – A crack or partial break of

a bone, typically does not cause form or function

disturbances as anatomical alignment is retained.

Lefort I fracture – A horizontal fracture of the lower

maxilla just above the tooth roots which usually allows

the upper jaw to float freely. Fracture goes through

pterygoids, lower maxilla, and into piriform aperture.

Lefort II fracture – A transverse fracture of the

mid-maxilla that looks pyramidal when fracture occurs

bilaterally. Fracture extends from the pterygoids

through maxillary sinus, infraorbital rim, orbital

floor, and through the nasal bones.

Lefort III fracture – This is also called craniofacial

disjunction as maxilla is separated from skull base.

Fracture extends from frontozygomatic suture through

the lateral, floor and medial wall of the orbit to the

nasal bones.

Maxillo-mandibular fixation (MMF) – Attaching

the mandible to the maxilla with wires, appliances,

screws, or arch bars to prevent movement. Also

known as wiring jaw shut.
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Orbital blowout fracture – Fracture that occurs from

force to orbital rim or globe itself. The forces are

dispersed from the orbital rim to the globe and then

to the thin, elastic orbital floor that cracks as it expands.

Trapdoor fracture – As the hydraulic forces from an

orbital blowout fracture cause the orbital floor to

expand, the orbital fat and muscle push through this

crack; but due to the elasticity of the bone, the bone

quickly retracts back to its original position entrapping

fat and muscle.

White-eyed fracture – A type of isolated trapdoor

fracture from a low-velocity blunt trauma that can

sometimes present without any visible signs of trauma

(periorbital echymosis, edema, or subconjunctival

hemorrhage). Due to a strong oculocardiac reflex in

children, hypotension, bradycardia, nausea, and

vomitingmay accompany this type of trapdoor fracture

and possibly be the only presenting symptoms.

Zymaticomalar complex (ZMC) fracture – Fracture

of the zygomatic arch, lateral orbital wall

(frontalzygomatic suture), and the inferior orbital

rim. Also known as a tripod fracture.
History

Historically, facial trauma was related to interper-

sonal violence in adults. Evolving patterns of presen-

tation changed as the use of motorized transportation

was introduced to the masses in the 1940s and the

1950s. Advances in speed and size of vehicles

outpaced safety measures, so the presentation of pan

facial fractures and life-threatening injuries domi-

nated the early rise of the automobile-related crashes.

Implementation of safety measures such as the
eck Surgery, DOI 10.1007/978-3-642-23499-6,
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National Traffic and Motor Vehicle Act of 1966

requiring cars to have seat belts and the US govern-

ment decreasing highway speeds in the mid-1970s led

to a decrease in mortality-related crashes. Additional

measures of air bags, child safety seats, and reduction

of alcohol-impaired driving in the 1990s continued

the downward trend in automobile-related morbidity

and mortality until leveling off in the early part of this

century. However, these measures not only decreased

incidence rates of facial fractures but introduced new

types of trauma patients – those with extensive iso-

lated injuries and those with traditionally non-

survivable injuries. Technological advances in the

provision and speed of hospital care in tertiary med-

ical hospitals and intensive care units (ICU) have

allowed patients with traditionally mortal injuries to

survive. Evolving technology has also changed the

prevention, presentation, and treatment of facial frac-

tures for both the adult and pediatric population.
Epidemiology

The medical school pediatric rotation teaching that

children are not small adults also holds true for pedi-

atric facial trauma. There are many contributing

factors to these differences. Anatomy, facial growth

patterns, societal and psychosocial issues all impart

their own influence on the differences between adult

and pediatric facial trauma. However, the facial trauma

mantra – achievement of pre-injury form and function

while minimizing intervention and impairment – holds

true for both adult and pediatric populations.

Since the mid-twentieth century, injury has been the

leading cause of death for infants and children. More

specifically for the years 1999–2008, unintentional

injury was the leading cause of death from age 1 to

age 45 with motor vehicle collisions being the number

one cause of mortal injury. Unintentional fall is the

leading cause of non-fatal trauma treated in pediatric

hospital emergency rooms (CDC - 2010).

There exists wide variability in the incidence of

pediatric facial fractures reported in the literature

over the years. The reason for this variability is

multi-factorial. One of the reasons may be a real

change in the incidence rate from mid- to late-

twentieth century. However, the rates may be

influenced by reporting bias from analyses of academic

versus private institutions, local versus regional
hospitals, and single versus multi-institutional studies.

Vyas et al. analyzed a large national database and

reported pediatric facial fractures as 14.7% of all facial

fractures. Less than 1% of all facial fractures occurred

in children less than 5 years of age (Vyas et al. 2008). It

is generally accepted that facial fractures in children

younger than 5 is rare (5% of all pediatric facial frac-

tures) with an increasing incidence at every age range

until the rate in the later teenage years mimics the adult

rate. Most reports demonstrate a similar or slight

increased male-to-female fracture ratio in children

younger than 5 with the ratio increasing with aging to

reach the adult ratio of approximately 3:1. Many

reports list nasal and mandible fractures as the most

common facial bone fractures. Nasal fractures are

more common as these are not likely to be admitted

to the hospital and hence underreported. Mandible

fractures account for about 30% of facial fractures.

The mandibular condyle is most prone to fracture in

children with rates equaling out between the condyle,

body and arch in the adolescence years. Orbital frac-

tures are the most common midface fracture and

account for approximately 25% of all facial fractures.

The incidence of pediatric complex midfacial fractures

is less than 10%. Pediatric panfacial fractures are

infrequent.

Anatomy

Some of the differences in adult versus pediatric

facial trauma can be explained by anatomical differ-

ences. The pediatric facial skeleton has more cartilage

than adults, and children obviously have more growth

centers than adults. Pediatric bone has a higher per-

centage of cancellous to cortical bone ratio thereby

providing more elasticity and resistance to fracture.

Bone is less mineralized and more elastic in children

with a thicker facial soft tissue envelope to provide

additional padding from traumatic forces compared

to adults.

Dentition also influences pediatric facial trauma.

Deciduous teeth predominate until 6 years of age

with a mixed dentition from 6 to12 years of age.

These unerupted permanent teeth provide additional

support to the mandible and maxilla until the perma-

nent teeth fully erupt during adolescence. The combi-

nation of a dense mandible and maxilla connected with

flexible cartilaginous joints and growth centers renders

facial bones solid but elastic and hence less resistant

to fractures.



a b

c d

Facial Fractures in Children, Fig. 1 Comparison of skull

sizes demonstrating differences in the contribution of the man-

dible and maxilla to the craniofacial ratio. (a) Frontal view of

neonate and adult skull models. Note the contribution of

the mandible and maxilla in the facial region, and significant

vertical height difference between the neonate and adult.

(b) Lateral view of neonate and adult skull models. Note the

contribution of the mandible and maxilla bone accounting for

the differences in facial projection between the neonate and

adult. Photos of (c) newborn and (d) 6-year-old, demonstrating

the evolving differences in facial projection, height, and cranio-

facial ratio. Note the increased mandibular projection and thin-

ning of the soft tissues in the cheek during these few years of

development
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Facial Growth

The ratio of cranium to face at birth is 8:1. In the first

2 years of life, 80% of cranial growth occurs with the

head size doubling from birth to age 5. Cranial growth

is complete by age 7 but facial growth continues, thus

accounting for the shrinking craniofacial ratio to 4:1 at

5 years of age. As the face continues to grow,

the craniofacial ratio reaches 2–2.5:1 at adulthood

(see Fig. 1).

Facial growth is broken down into the midface and

mandibular components. Midface growth is inferiorly

(downward) and laterally (sideways). The maxillary

sinus growth starts around 5 months and continues to

16 years of age. The ethmoid sinus starts at 1 year of

age and the frontal sinus starts around 6 years with both

continuing growth into adulthood.

Mandibular growth is anteriorly (forward) and

laterally (sideways). There are multiple growth centers

in the mandible. The growth center consists of a fibrous

cap with an inner chondrogenic layer, a layer of
cartilage, and a layer of ossifying cartilage. With the

increase in both the vertical and horizontal facial com-

ponents, the soft tissue envelope is stretched and

thinned thereby providing less cushioning and

a greater chance for fracture.

As the cranium and facial structures take shape and

change growth patterns, the incidence of fractures con-

comitantly changes. With the growth of the midface

and mandible, they become more prominent on the

facial profile and are more inclined to be injured. The

infant’s mandible and midface are relatively retruded

and so are protected, whereas the frontal area is prom-

inent and prone to injury. In adults and older children,

the zygomaticomaxillary complex (ZMC), nasal, and

Le Fort fractures become more common.

Psychosocial

Just as the growth of the midface influences fracture

patterns, the pediatric patient undergoes social evolu-

tion which influences fracture patterns and incidence.
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Infants are swaddled and cared for with close obser-

vation preventing many of the occurrences which

would cause facial trauma. As toddlers gain indepen-

dence with walking, caregivers still keep a watchful

eye and can redirect toddlers away from potentially

fracture-causing situations. As the child enters kin-

dergarten and elementary school there is more inde-

pendence and an increase in higher risk behaviors.

Children are more likely to climb jungle gyms and

playgrounds as well as now participating in sporting

activities. Into adolescence as independence grows

and adult supervision decreases, higher speed and

force generating sports as well as driving and inter-

personal relationships will increase the opportunity

for facial trauma. As adolescents mature into the late

teenage years, lifestyle development of increased

driving for school activities and employment in addi-

tion to an increase in interpersonal violence bridges

the gap into the facial trauma presentation that is

typically seen with adulthood.
Clinical Features

Management

Regarding the facial trauma patient, treatment starts

with the ABCs. Initial evaluation and resuscitation

follows Advanced Trauma Life Support (ATLS) pro-

tocols. While facial fracture diagnosis, management,

and treatment are important, it must be completed

within the context of the overall patient well-being.

The pediatric airway is smaller with a retruded tongue.

This larger tongue to mouth ratio at baseline can make

for airway distress and a difficult airway in mandible

fractures. Infants are obligate nasal breathers so

midface and nasal fractures along with blood and vom-

itus can impede the airway. If positioning techniques

and airway appliances are inadequate to secure the

airway, orotracheal intubation may be required with

tracheotomy reserved as a last effort.

The secondary exam can be more difficult due to

swelling, ecchymosis, asymmetry, lacerations,

crepitus, paresthesias, and bleeding. A complete sys-

tematic examination of the head and neck is

performed. Overall assessment is evaluated with visual

inspection looking for facial asymmetry, ecchymosis,

lacerations, and malocclusion as these can be predic-

tors for facial fractures. Palpation of the bony

architecture is performed assessing for asymmetry,
step-offs, fractures, and bony deformities. Midface

mobility is assessed by rocking the premaxilla while

the head is held steady. Dental occlusion is assessed as

malocclusion is highly suggestive of a mandible frac-

ture. Trismus and deviation on opening the mouth

should also alert the clinician to a possible mandible

fracture. Anterior rhinoscopy evaluates for septal/nasal

fractures and a septal hematoma. Ocular exam

checking pupillary reflexes, motility, and gross vision

is performed. A comprehensive ophthalmologic eval-

uation in pediatric patients with midface and orbital

fractures should be considered.

Due to the force needed in causing facial fractures,

over 50% of facial trauma patients will have injury

outside of the head and neck region. The rule of

one/thirds for facial fractures is that a third will have

a brain injury, a third will present with a skull fracture,

and a third will have other organ injuries (Imadara

et al. 2008). Cervical spine injury presents in less

than 10% of pediatric facial fracture patients, which

is lower than adults, but must be ruled out with proper

imaging and examination. Coordination of care for all

injuries must be performed in a systematic fashion with

the overall well-being of the patient as the first priority,

even if this means delaying treatment or less than

optimal outcome for the repair of the facial fractures.
Diagnosis

Taking a history and diagnosing facial trauma is more

difficult in the pediatric population. Children generally

communicate less effectively and have decreased

recall when compared to adults. They may have

distracting injuries, or more life-threatening injuries

and not be able to respond (Ryan et al. 2011).

Plain films provide limited information for midface

and mandibular fractures. Towne, Caldwell, lateral

oblique and intraoral projections can provide addi-

tional information but are not all encompassing.

A panoramic X-ray provides more information regard-

ing mandible fractures, especially those in the body.

However, these require a patient to sit upright in occlu-

sion and cannot be performed in an intubated patient or

uncooperative child.

Ultrasound has been described to evaluate facial

fractures. Skull, orbital floor, and zygomatico-orbital

complex fractures have shown some promise being

evaluated with ultrasound. However, midface and
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mandibular fracture diagnosis has shown poor

sensitivity and specificity with ultrasonography.

A major limitation of ultrasound is the inability to

diagnose non-displaced or greenstick fractures and

fractures of the mandibular ramus and condyle

(Friedrich et al. 2003).

Multi-slice axial computed tomography (CT) with

coronal, sagittal, and three-dimensional reconstruc-

tions is the gold standard for diagnosing facial

fractures (Alcala-Galiano et al. 2008). It provides

improvement in diagnostic accuracy and mapping the

extent of fractures. Recently, appropriate concerns

regarding high-dose radiation exposure in children

has led to the development of low-dose radiation pro-

tocols, which has not been fully evaluated and

established but is being practiced in numerous pediat-

ric facilities.
Treatment

Overall the approach and treatment of pediatric facial

fractures is more conservative than adult interventions.

Children heal faster so the time to treatment and dura-

tion of intervention will be reduced compared to

adults. The goals of treatment are similar – reduction

and stabilization of the horizontal and vertical

buttresses to re-establish occlusion, normal facial pro-

portions, and symmetry.

Future growth and development of the child must

also be considered when deciding treatment. An inva-

sive approach that acutely restores stability and

aesthetics but compromises future growth leading to

deformities is not ideal. The trauma itself can

affect future normal growth and bone remodeling,

predisposing patients to form and functional alter-

ations with advancing age. Injuries to growth centers

(mandibular condyle, ramus, body) can lead to future

growth concerns. Crush injuries have shown a higher

propensity for growth disturbances and may indicate

a need for a more aggressive intervention. However,

a younger-aged child is more adaptable to an injury.

Children are more capable of remodeling and the

increased time for growth and compensation allows

for correction of the deformity and return to more

normal form and function. In addition, the approach

and intervention itself can be traumatic thereby caus-

ing additional growth deformities leading to aesthetic

and functional issues.
An injury that may be surgically treated in an adult

could be managed non-operatively in a pediatric

patient. Clinical acumen must be used on a case-by-

case basis to determine whether intervention is needed

to produce a better long-term outcome. Untreated

displaced fractures and over treating fractures with

excessive periosteal elevation, soft tissue manipula-

tion, and plating may result in growth disturbance.

However, stability and accurate reduction

supersede the effect of facial growth alteration as

a consequence of periosteal elevation needed for the

reconstruction (Bailey and Johnson 2006). It is

recommended to fixate unstable, displaced fragments

with the fewest number and smallest-size plates

through a small opening with minimal intervention

and dissection. Additionally, interval removal of hard-

ware may help avoid future growth disturbances.

Due to the relatively low incidence of pediatric

facial fractures, data are limited regarding long-term

outcomes for a large pediatric population. Adverse

outcomes have been reported to range from 5% to

30% with isolated fractures resulting in fewer compli-

cations. Patients treated operatively have also shown

higher complication rates (Rottgers et al. 2011). How-

ever, data are lacking to sufficiently determine whether

the cause of the poor outcomes is a consequence of the

initial trauma, the intervention, the compromised

growth, or a combination of these factors. Those

patients with multiple injuries and fractures requiring

surgical intervention should be followed with longitu-

dinal evaluations and counseled that form and func-

tional abnormalities are likely. Future interventions

such as surgery or orthodontia may be necessary.
ORIF

There has been a revolution in treatment over the last

20 years for both adult and pediatric facial fractures.

The advancement of titanium plate and screw technol-

ogy in the 1990s has provided a more reliable system

of fixation with improved outcomes over traditional

measures. However, implementation of the titanium

technology into the pediatric population still has not

resolved the conundrum of whether the benefits of

rigidly fixating unstable fractures outweigh the draw-

backs of the surgical intervention upon future facial

growth. One drawback of titanium plates is that they

are permanent. It is believed that the plates and screws
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may impede growth, especially if placed across suture

lines. A single plate should not be placed across more

than one suture line as this can tether growth. One

solution to this disadvantage is interval removal of

the hardware. This approach alleviates the potential

of limiting future growth from the plates and screws

but it also requires a second surgery.

Another technological advancement that has shown

some promise is resorbable plates and screws.

A combination of biodegradable copolymers with dif-

fering strengths, degradation times, and reactivity quo-

tients comprise resorbable plates which undergo a two-

step degradation process. The first step is hydrolysis,

which breaks the long chains into shorter ones and

markedly reduces the strength of the substance. The

second step is phagocytosis of the shorter chains by

macrophages which decreases the mass of the sub-

stance. Most current resorbable systems are made of

a combination of polyglycolic acid (PGA), which is

subject to rapid hydrolysis and poly L-lactic acid

(PLA), which is more slowly resorbed. There are

a handful of commercially available resorbable sys-

tems with different ratios of the copolymers which

provide an array of strengths and degradation times.

The stronger a resorbable plate is, the longer it will

take to degrade, with most clinicians preferring the

degradation time to be within 9–12 months. The load-

bearing forces needed for the specific fracture repair

has to be evaluated and the system that provides the

best strength that will resorb in an acceptable time

frame determined.

There has been individual retrospective evidence

provided for and against both titanium and resorbable

plating systems throughout the years. However, no

prospective, randomized trial has evaluated the out-

comes using these systems for facial fractures. In

a review by The Cochrane Collaboration, there was

insufficient evidence to demonstrate the effectiveness

of resorbable compared to titanium systems for facial

fractures (Dorri et al. 2009).

Frontal Bone Fracture

Frontal bone fractures are seen more commonly in

children under 6 years of age due to the prominence

of the forehead and a higher craniofacial ratio. In this

age range, frontal fractures are more likely to extend to

include skull and orbital roof fractures. This associa-

tion decreases with age as the frontal sinus

pneumatizes and is better able to absorb and disperse
impact forces. There is a greater association with

neurocranial injury due to increased force needed for

frontal bone fractures. Non-displaced fractures can be

watched and anterior table frontal sinus fractures can

also be conservatively treated unless cosmetic depres-

sions or injury to the nasofrontal duct exist/exists. If

displacement of the posterior table by more than the

thickness of the table exists, cranialization or oblitera-

tion of the frontal sinus with debridement of the

mucous membranes and occlusion of the nasofrontal

duct is warranted. Frontal bone fractures may also be

associated with skull fractures and the orbital roof.

This fracture pattern is more likely to cause brain

injury and cerebral spinal fluid leak. Neurosurgical

evaluation is needed and management is coordinated

among services based upon severity of injury and the

child’s status.

Orbital Fracture

The fracture pattern for superior orbital fractures is

similar to frontal bone fractures. The orbital roof is

most likely to fracture in patients under 7 years of age

due to the increased craniofacial ratio and a direct

bony connection to the frontal bone from a less

pneumatized frontal sinus. As the frontal sinus and

midface develop, the forces are dispersed within the

now more prominent midface and orbit, resulting in

an increasing incidence of floor and medial orbital

wall fractures.

The patient should be examined for rim step-offs,

paresthesias, diplopia, and gaze restriction and treated

if fracture segments are grossly displaced, decreased

extraocular muscle movements with positive forced

duction testing are noticed, or significant alteration of

orbital volume exists. Ocular injuries, such as

retrobulbar hematoma, pupillary defects,

vision changes, globe injury, etc., prompt an urgent

ophthalmologic evaluation. Children with isolated

blowout fractures can be conservatively watched

for 7–10 days. If enopthalmos, diplopia, or

ophthalmodynia persists, exploration is performed.

CT scans should be reviewed for muscle entrapment,

especially the inferior rectus muscle in isolated orbital

floor fractures. Since children’s bones are very elastic,

they are more likely to have muscle entrapment. As the

trauma forces are dispersed from the orbital rim to the

globe to the thin, elastic floor, the floor cracks as it

expands. The orbital fat and muscle push through this

crack; but due to the elasticity of the bone, the bone
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quickly retracts back to its original position possibly

entrapping fat and muscle. This trapdoor fracture

requires early intervention with correction within

24 h providing the best results. Isolated trapdoor frac-

tures from low-velocity blunt trauma can sometimes

present without any visible signs of trauma (periorbital

echymosis, edema, or subconjunctival hemorrhage)

and are called white-eyed fractures. Due to a strong

oculocardiac reflex in children, hypotension, bradycar-

dia, nausea, and vomiting may accompany trapdoor

fractures and should prompt ophthalmologic evalua-

tion as the diagnosis may be subtle.

Midface Fracture

Midface fractures are rare in preschool-aged children

due to a high craniofacial ratio, but as the mandible and

midface grow, incidence increases with age reaching

its peak in late teen years. The traditional

zymaticomalar complex (ZMC) or tripod fracture

seen in adults also becomes more likely as the patient’s

age increases. Maxillary fractures are mainly caused

by high-velocity injury from motor vehicle collisions

or interpersonal violence, both of which also increase

with age. Fractures like these in young children have

concomitant neurocranial injury and may preclude

timely intervention. Unerupted dentition provides

strength to the alveolus, and a cushioning thick adipose

layer over a soft spongy maxilla also protects children

and leads to more greenstick than displaced fractures.

Non-displaced fractures can be managed with soft diet

and activity restrictions. Palpable step-offs, paresthe-

sias, malocclusion, and excessive pain can all be indi-

cations for treatment with closed or open reduction.

Moderately displaced, comminuted, and/or unstable

fractures warrant intervention to reduce and stabilize

the fractures. Isolated fractures, such as zygomatic

arch fractures, may be treated with a closed or minimal

exposure approach. However, extensive midface frac-

tures, such as comminuted ZMC or Lefort II or III

fractures, require more exposure and open surgical

intervention.

Nasal Fracture

Nasal and septal fractures are more commonly

encountered throughout the whole pediatric popula-

tion. An increasingly prominent nasal profile with

aging along with thinner bones than elsewhere in the

head that more easily fracture from less traumatic

forces cause this consistent fracture incidence from
childhood to teenage years. Nasal trauma usually pre-

sents with significant external edema making initial

fracture diagnosis difficult. Plain films are usually

taken in the emergency room and should be reviewed

for nasal and septal fractures. Photographs and plain

films should always be completed for documentation

as future surgery may be needed and insurance com-

panies are more commonly requiring evidence of pre-

vious trauma. Nasal deviation, palpable step-offs,

depressed fragments, nasal obstruction, and soft tis-

sue edema are all potential signs of a nasal fracture.

Treatment includes closed or open reduction with

internal or external splint stabilization. Isolated

nasal fractures can be treated with a closed technique.

Extensive damage or fractures that have a delay in

diagnosis most likely will require an open approach.

All reduced fractures should be stabilized with exter-

nal splints not only to help decrease edema but also

prevent any secondary displacement caused by

unintentional patient manipulation. Internal splints

may be needed for septal stabilization from fractures

of the septum itself or dislocation from the maxillary

crest. Rhinoscopy should be performed in all patients

evaluating for a septal hematoma and incised and

drained if present. Septal hematomas can occur inde-

pendently of fractures. As the tight septal

perichondrial covering is separated from the carti-

lage, a space is created into which bleeding occurs.

The result is a purplish bulging mucosa that is com-

pressible but not shrinkable with decongestant spray.

Untreated septal hematomas may lead to loss of the

quadrilateral cartilage, saddle-nose deformity, and

possible midface growth restrictions.

Nasal Orbital Ethmoid (NOE) Fracture

NOE fractures are very rare in children and usually

accompany other facial fractures. Symptoms include

a depressed and flattened nasal root, telecanthus,

subconjunctival hemorrhage, and mobility of the

medial canthal tendon on bimanual palpation. Addi-

tional clinical features include rounding of the medial

canthus, horizontal shortening of the palpebral fissure,

and an intercanthal distance greater than the palpebral

fissure width. CT scan is used for diagnosis and treat-

ment planning. The surgical approach is tailored to the

extent of fractures, and fixation can be accomplished

with mini-plates, wiring, or suture techniques. Special

attention is given to the medial canthus and determin-

ing its attachment to the central fragment and status of
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the nasomaxillary buttress. Undercorrection of the

intercanthal distance is common and therefore,

overcorrection of both the intercanthal distance and

nasal projection should be attempted.

Mandible Fracture

Mandibular fractures are more common in children

than adults but a larger percentage of these fractures

are non-displaced, greenstick fractures and therefore,

would only need a soft diet for treatment. Malocclu-

sion, open lacerations, open bite deformity or deviation

are all indications of a mandible fracture. Teenage

patients can be treated as adults because their dentition

is fully erupted and will not be injured with screw

placement from internal fixation or maxillo-

mandibular fixation (MMF). The goal of restoring

occlusion is the same for both adults and children.

However, treatment of a younger pediatric mandible

fracture, especially less than 6 years old is controver-

sial. Greenstick fractures and slightly displaced

fractures that cause mild malocclusion can be conser-

vatively managed as the pediatric mandible will com-

pensate with bone remodeling. Unstable, displaced, or

comminuted fractures need repair. Deciduous teeth do

not tolerate maxillo-mandibular fixation with wire

techniques very well as these teeth lack a cingulum

for the wire to snug the bar down to the gingiva.

Bicortical screw placement in mixed and deciduous

dentition run the risk of injury to permanent unerupted

teeth. Some advocate maxillo-mandibular fixation

with wires passing around the mandible and through

the piriform aperture or the use of an acrylic mandib-

ular splint. Others advocate monocortical screw

placement for internal fixation. However, some

believe that this interferes with mandibular growth

and recommend these internal fixation plates be

removed after healing. In an attempt to avoid this

second surgery from plate and screw removal, absorb-

able plates have been introduced but are only for

midface and upper face treatment and not FDA

approved for mandibular fractures. However, some

have used absorbable systems off label for mandible

fractures in the younger pediatric population as the

mandibular bite forces created are not as substantial

as adults and can withstand the plate fracture force.

Research is continuing which may lead to the devel-

opment of an absorbable plating system that is appro-

priate for mandibular fractures, but until then

monocortical plates and screws placed at the inferior
mandibular border provide for excellent stabilization

in those patients whose fractures warrant surgical

intervention.

Special attention is paid to mandibular condyle

fractures as this is a major growth center. Intracapsular

fractures are managed nonsurgically with a soft diet

and sometimes immobilization with MMF. If normal

range of motion and occlusion exists for high condylar

neck and subcondylar fractures, a soft diet is sufficient

treatment. If normal occlusion but deviation upon

mouth opening exists, arch bars with guiding elastics

may be considered. For more displaced fractures that

cause occlusal and deviation disturbances, controversy

exists whether open surgical treatment is needed or

MMF is sufficient. A remarkable remodeling capacity

of the pediatric mandible allows for significant com-

pensation over time and must be considered when

determining the intensity of intervention, especially

in the younger pediatric population.
Conclusion

The pediatric population has different incidence, pre-

sentation, and treatment patterns than adults. The

incidence of fractures is influenced by anatomy, psy-

chosocial aspects, and facial development. There is

a significant change around 6 years of age, as the

infants’ solid but elastic facial frame transitions to

a more rigid adult structure, and psychosocial interac-

tions account for more high-risk behaviors.

The coupling of changes in facial growth patterns

with psychosocial evolution explains the changes seen

in facial fracture patterns from infancy to adulthood.

The largest transition is seen in these elementary

school years and then slowly evolves through adoles-

cent and teenage years to adult levels. Trauma in early

childhood tends to cause greenstick fractures which

can be managed conservatively. With aging, more

severe fractures and anatomical changes call for surgi-

cal intervention. Attention to disruption of anatomy

and future growth must be appreciated with any

considered intervention. The goals of facial fracture

treatment are anatomic reduction and stabilization to

re-establish occlusion, normal facial proportions, and

symmetry. Clinical acumen is used to balance the need

for intervention with the extent of the intervention

needed. Stability and reduction take precedence

over an anticipated alteration of facial growth.
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More invasive techniques like rigid fixation are

reserved when more conservative, closed techniques

will not provide adequate results.
F
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Assessment of Facial Nerve Function: History
and Physical

When an individual presents with complaints of altered

facial nerve function a thorough history should be

obtained. Pertinent questions include time since

onset, rate of progression of paralysis, and associated

symptoms to include facial twitching, facial numbness,

changes in hearing, dizziness, mental status changes,

or loss of function of other nerves (Schaitkin et al.

2001). Once the examiner has a good idea of the status

of the history surrounding the paralysis, background

information must be collected. Pertinent background

information includes history of facial trauma (blunt or

penetrating), history of facial paralysis in the past,

history of recent upper respiratory infections, history

of exposure to ticks, and history of foreign travel.

Other questions may be pertinent depending on the

patient population and site of the clinic. A complete

past medical and surgical history should be performed.

Physical examination should include a complete

head and neck examination with particular attention

paid to the external auditory canal (EAC), skin around

the EAC, and all cranial nerves (especially cranial

nerves 8 – hearing/balance and 5 – facial sensation). In

order to test the facial function, the patient is asked to

move muscles covering all segments of the facial nerve

(with the exception of the cervical) on each side. For the

temporalis branch, an eyebrow or forehead raise is used;

for the zygomatic branch, nasal motion is observed; for

the buccal branch, upper lip motion is observed; and for

the mandibular branch, lower lip motion is observed.

Some examiners use a hand especially in the temporal

http://www.cdc.gov/injury/wisqars/index.html
http://dx.doi.org/10.1007/978-3-642-23499-6_274
http://dx.doi.org/10.1007/978-3-642-23499-6_645
http://dx.doi.org/10.1007/978-3-642-23499-6_614
http://dx.doi.org/10.1007/978-3-642-23499-6_614
http://dx.doi.org/10.1007/978-3-642-23499-6_626


F 862 Facial Nerve Function, Examination
region to prevent cross-pulling of fibers. Once

a complete examination is done, the examiner needs to

classify the facial nerve paralysis.

Most examiners currently use a modified House-

Brackmann scale (House and Brackmann 1985). The

scale is enclosed in the text below.
Grade
 Characteristics
I. Normal
 Normal facial function in all areas
II. Mild dysfunction
 Gross
• Slight weakness noticeable on close

inspection

• May have slight synkinesis

• At rest, normal symmetry and tone

Motion
• Forehead – Moderate-to-good

function

• Eye – Complete closure with minimal

effort

• Mouth – Slight asymmetry
III. Moderate
dysfunction
Gross
• Obvious but not disfiguring difference

between the two sides

• Noticeable but not severe synkinesis,

contracture, or hemifacial spasm

• At rest, normal symmetry and tone

Motion
• Forehead – Slight-to-moderate

movement

• Eye – Complete closure with effort

• Mouth – Slightly weak with

maximum effort
IV. Moderately severe
Dysfunction
Gross
• Obvious weakness and/or disfiguring

asymmetry

• At rest, normal symmetry and tone

Motion
• Forehead – None

• Eye – Incomplete closure

• Mouth – Asymmetric with maximum

effort
V. Severe dysfunction
 Gross
• Only barely perceptible motion

• At rest, asymmetry

Motion
• Forehead – None

• Eye – Incomplete closure

• Mouth – Slight movement
VI. Total paralysis
 No movement
The scale was originally developed to describe out-

comes of individuals who had suffered a facial nerve

paralysis at an earlier date but has now become a fairly

common nomenclature and a standard way of commu-

nicating the facial function between medical care team

members.
Radiological Studies

In cases where a known etiology is causing the facial

paralysis (parotid mass, SCCA of the temporal bone,

etc.) appropriate imaging (MRI, CT, or nuclear medi-

cine) should be ordered for the primary disorder. The

facial nerve will best be visualized in its intratemporal

portion by thin cut CT or MRI whereas MRI is best for

all other portions of the nerve. For individuals with

idiopathic facial paralysis, the need for radiologic

study and the study of choice is more difficult.

If there is a suspicion that a tumor could be present in

the brainstem (hearing changes, slow progression of

paralysis, unsteadiness, or mental status changes) an

MRI scan should be obtained. Sequencing required to

examine the brainstem varies between institutions.

In the absence of such signs, idiopathic facial paresis

or paralysis does not, initially, require imaging.

Nevertheless, in a recent study of the management of

such lesions, just over two thirds of experienced pro-

viders obtained an MRI at the time of presentation

(Smouha et al. 2011). Prior to the findings of this

study, the standard practice had been not to obtain

imaging unless the lesion progresses for too long

a period of time or surgery is contemplated. Once

again, CT scan will prove more effective at delineating

the course of the nerve through the temporal bone and

the relationship of this bone to the nerve, whereas MRI

will be better for other portions of the nerve. The

decision of which scan to do and when to do the scan

varies by institution (Kefalidis et al. 2010; Quesnel

et al. 2010).
Electrical Tests

There are three electrical tests of facial nerve function –

the nerve excitability test (NET), electroneurography

(ENoG), and electromyography (EMG). The utility

and timing of these testes has been an issue of signif-

icant debate over the years (Fisch 1984; May et al.

1983). Some individuals argue aggressive testing and

early intervention whereas others argue for more con-

servative measures. However, it is important to note

that in the same survey quoted above 97% of respon-

dents said they would obtain an ENoG and only 17%

ordered EMGs.

This entry briefly describes the two most commonly

used tests: ENoG and EMG. It is important to
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remember that these tests are only used in individuals

with a total paralysis (HB 6/6). Individuals with any

function are observed. ENoG is only valuable when

performed within the first 10 days of paralysis. This

test compares the amplitude of facial muscle contrac-

tions of the affected side to the normal side

using suprathreshold electrical stimulation at the

stylomastoid foramen. Those patients that have more

than 90% loss of amplitude on the paralyzed side have

a poorer prognosis (Fisch 1984).

EMG testing is often used in conjunction with

ENoG; either to confirm the results or in cases when

surgery is contemplated. The test will not be useful

in the first 72 h because even in muscles whose

motor nerve is severed, normal latency and normal

muscle action potentials can persist for 2–3 days.

The test can be helpful at the 5–8 day mark

but fibrillation potentials may not appear until

2–3 weeks after injury/onset of paralysis. In EMG

testing a needle electrode is placed in the muscle of

interest and patients are asked to attempt to contract

the muscle. Lack of spontaneous motor unit action

potentials implies no innervation or reinnervation

and the presence of fibrillation potentials suggests

a poor prognosis. On the other hand, voluntary

action potentials imply that the muscle is

innervated and polyphasic reinnervation potentials

suggest a good prognosis.
Summary

Analysis of facial nerve function begins with

a thorough history and physical examination. The find-

ings on this initial evaluation guide future diagnostic

steps. Radiologic imaging can be helpful but may not

be necessary in uncomplicated idiopathic palsy.

Whereas there are many electrodiagnostic tests, most

individuals only utilize ENoG for patients with total

paralysis with EMG reserved to confirm the results of

ENoG and as a presurgical test.
Disclaimer

The views expressed in this article are those of

the author(s) and do not necessarily reflect the official

policy or position of the Department of the Navy,

Department of Defense, or the U.S. Government.
Cross-References

▶Evoked EMG

▶ Facial Nerve Paralysis Due to Bacterial Etiology

▶ Facial Nerve Paralysis Due to Viral Etiology

▶ Facial Paralysis

▶Nerve Excitability Test
References

Fisch U (1984) Prognostic value of electrical tests in acute facial

paralysis. Am J Otol 5(6):494–498

House JW, Brackmann DE (1985) Facial nerve grading system.

Otolaryngol Head Neck Surg 93:146–147

Kefalidis G, Riga M, Argyropoulou P, Katotomichelakis M,

Gouveris C, Prassopoulos P, Danielides V (2010) Is the

width of the labyrinthine portion of the fallopian tube impli-

cated in the pathophysiology of Bell’s palsy?: a prospective

clinical study using computed tomography. Laryngoscope

120(6):1203–1207

May M, Blumenthal F, Klein SR (1983) Acute Bell’s palsy:

prognostic value of evoked electromyography, maximal

stimulation, and other electrical tests. Am J Otol 5(1):1–7

Quesnel AM, Lindsay RW, Hadlock TA (2010) When the bell

tolls on Bell’s palsy: finding occult malignancy in acute-

onset facial paralysis. Am J Otolaryngol 31(5):339–342

Schaitkin BM, May M, Klein SR (2001) Office evaluation of the

patient with facial palsy: differential diagnosis and progno-

sis. In: MayM, Schaitkin BM (eds) The facial nerve, 2nd edn.

Thieme, New York

Smouha E, Toh E, Schaitkin BM (2011) Surgical treatment

of bells palsy: current attitudes. Laryngoscope

121(9):1965–1970
Facial Nerve Imaging, CT and MRI

Ramón E. Figueroa

Department of Radiology, Georgia Health Sciences

University, Augusta, GA, USA
Synonyms

CN 7; CN VII; Cranial nerve 7; Facial nerve
Definition

The facial nerve, also known as the cranial nerve VII,

is a mixed function cranial nerve with dominant motor

function, but also parasympathetic and gustatory
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functions. Its motor fibers control the muscles of facial

expression, while its parasympathetic efferent fibers

control secretory functions of the lacrimal, submandib-

ular and sublingual glands. Its afferent fibers receive

the taste sensation from the anterior two thirds of the

tongue.

Purpose

The appropriate imaging evaluation of the facial nerve

depends on which segment of the facial nerve is being

explored, which must be deducted from the clinical

signs and symptoms of the affected nerve. Computed

tomography (CT) is most useful for evaluation of the

facial nerve segments contained within the temporal

bone, while magnetic resonance imaging (MRI) is

most appropriate for the evaluation of the intra-axial,

cisternal, and extracranial segments.
Principles

The facial nerve is a mixed function nerve that controls

the muscles of facial expression; the secretory inner-

vation to the lacrimal, submandibular, and sublingual

glands; and the taste sensation for the anterior two

thirds of the tongue. Its motor division, comprising

about 70% of the total volume of nerve fibers, supplies

somatic motor innervation to the muscles of the face,

scalp, and auricle; the buccinators and platysma; the

stapedius; stylohyoideus; and the posterior belly of the

digastric muscle (Harnsberger et al. 2006). It is

subdivided into four main anatomic segments: the

intra-axial segment, cisternal, intratemporal, and

extracranial segments. The facial nerve is anatomi-

cally comprised of two roots, the larger size motor

root made up of heavily myelinated fibers, and the

sensory root that carries the parasympathetic and gus-

tatory fibers. This sensory root, of smaller caliber, is

known as the nerve of Wrisberg, or by its more com-

mon name, nervus intermedius, since it arises in inter-

mediate position between the motor root of the facial

nerve and the vestibulocochlear nerve (cranial nerve

VIII) at the lateral pontomedullary junction (Curtin

et al. 2003).

The intra-axial pathways of the facial nerve start

from pyramidal neurons at the precentral frontal motor

cortex, where the eloquent cortex controlling facial

expression is topographically represented by the com-

plexity of motor tasks, with more complex function
having a larger number of neurons. The facial motor

cortical representation along the precentral gyrus and

somatosensory representation along the post-central

gyrus are sequentially organized from top to bottom

in frontal, periorbital, midface, perioral, and tongue

cortical zones. The facial motor pathways continue

through the posterior genu of the internal capsule as

the corticobulbar tracts. Upon reaching the pons, most

of the frontal motor fibers decussate to the contralateral

facial nerve nucleus, while some remain ipsilateral,

resulting in bilateral supranuclear innervation to the

muscles of the upper face. The supranuclear fibers for

the lower face decussate completely to the contralat-

eral facial nucleus. This anatomic asymmetry is

responsible for the clinical subdivision of facial palsy

into central (facial palsy with sparing of frontal expres-

sion) and peripheral (palsy involving the entire

hemiface) (May 2000).

The intra-axial pontine facial nerve is comprised of

three nuclei: the motor nucleus, the parasympathetic

superior salivatory nucleus, and the gustatory nucleus

of the tractus solitarius, arranged sequentially from

medial to lateral within the ventral-lateral pons

(Raghavan et al. 2009). The larger of these nuclei, the

motor nucleus of the facial nerve, is divided into an

upper and lower half, with the upper half receiving

ipsilateral and contralateral cortical innervation for

the upper face, while the lower half receive only con-

tralateral innervation for the lower face. Central

lesions affecting the intra-axial facial nerve pathways

(supranuclear) will thus express facial paralysis with

sparing of upper frontal facial expression (due to bilat-

eral cortical innervation to the upper division). Periph-

eral lesions (distal to the facial nerve motor nucleus or

infra-nuclear) will have complete (upper and lower)

facial paralysis ipsilateral to the lesion. The motor

nucleus of the facial nerve lies within the reticular

formation of the lower third of the pons, ventral to

the sixth cranial nerve nucleus. Its efferent fibers run

around the dorsal margin of the abducens nerve

nucleus, forming a contour elevation on the floor of

the fourth ventricle, known as the facial colliculus,

easily recognizable by MRI (Fig. 1). This loop around

the abducens nucleus is known as the facial nerve

internal genu. Facial nerve motor fibers continue

anterolaterally to emerge from the brainstem at the

lateral pontomedullary junction.

The superior salivatory nucleus, the second nucleus

of the facial nerve, lies lateral to the facial motor



Facial Nerve Imaging, CT and MRI, Fig. 1 Axial

T1-weighted image at the level of the pontine tegmentum

shows the facial colliculus at the floor of the fourth ventricle.

Overlaid diagram shows the motor nucleus of the facial nerve

(yellow circle) and the motor root of the facial nerve

(intermittent yellow line) forming the internal genu (IG) around
the abducens nucleus (light blue circle). Notice also the tractus

solitarius nucleus (dark blue circle) and the superior salivatory

nucleus (red circle), both of which contribute to the formation of

the nervus intermedius (NI)

Facial Nerve Imaging, CT and MRI, Fig. 2 Axial

T2-weighted image at the level of the cerebellopontine angle

shows the cisternal portion of the facial nerve (long arrow) just
anterior to the vestibulocochlear nerve (double arrowheads),
both extending toward the internal auditory canal. Notice

a prominent anterior inferior cerebellar artery (short arrow)
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nucleus. Its efferent parasympathetic fibers emerge

from the brainstem posterolateral to the motor root,

as the nervus intermedius, running together next to the

motor root through the cisternal segment into the inter-

nal auditory canal. This nucleus controls the secretory

function of the lacrimal, submandibular, and sublin-

gual glands.

The nucleus of the tractus solitarius is lateral to the

superior salivatory nucleus. It receives the afferent

taste input from the anterior two thirds of the tongue

through fibers that travel from the tongue through the

chorda tympani nerve to synapse at the geniculate

ganglion, and from there through the nervus

intermedius to the nucleus of the tractus solitarius.

The intra-axial segment of the facial nerve is best

evaluated by MRI.

The cisternal segment of the facial nerve is made up

of the larger motor root running anterior to the smaller

sensory nervus intermedius along the cerebellopontine

angle cistern to enter the internal auditory canal (IAC).

Both emerge from the brainstem at the lateral

pontomedullary sulcus, just anterior to the vestibulo-

cochlear nerve. This facial nerve segment is also best

evaluated by MRI (Fig. 2).
The intratemporal segment of the facial nerve can

be subdivided into IAC, labyrinthine, tympanic, and

mastoid segments, all enclosed by bone, best evaluated

by high-resolution CT. The IAC segment runs from the

porus acusticus to the superior anterior quadrant of the

apex of the IAC, where the entrance to the fallopian

canal is found (Fig. 3a, b). The motor root and the

nervus intermedius form a common trunk at the IAC,

still with the nervus intermedius fibers remaining pos-

terior to the motor fibers. The fallopian canal of the

facial nerve starts at the apex of the IAC superior to the

falciform crest and anterior to Bill’s bar, running for

a length of approximately 14 mm to end at the

stylomastoid foramen. The facial nerve through the

fallopian canal is subdivided into labyrinthine, tym-

panic, and mastoid segments. The labyrinthine seg-

ment crosses the otic capsule at the superior medial

border of the cochlea, extending from the apex of the

IAC to the fossa of the geniculate ganglion (Fig. 4a, b,

c, d). The facial nerve does a hairpin turn at the genic-

ulate ganglion, to continue along the medial tympanic

wall as the tympanic segment (Fig. 5a, b). This turn at

the geniculate ganglion is known as the anterior genu.

The greater superficial petrosal nerve arises from the

geniculate ganglion, extending anterior-medially to

contribute to the formation of the vidian nerve,
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and MRI, Fig. 3 Axial CT

and axial T2-weighted images

at the internal auditory canal

show otic capsule contour on

CT (a) matching membranous

labyrinth and IAC segment of

the facial nerve on MRI (b).
Notice vestibule (V), basal
turn of the cochlea (C), and
tympanic segment (TS) of the
facial nerve on each image.

IAC segment shows best on

MRI (arrowheads)

Facial Nerve Imaging, CT
and MRI,
Fig. 4 Labyrinthine segment

of the Facial Nerve: Top row

axial CT (a) and coronal CT

(b) with anatomically matched

axial T1-weighted MRI (c)
and coronal T2-weighted MRI

(d) show the labyrinthine

segment (vertical arrow) of
the facial nerve
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Facial Nerve Imaging, CT and MRI, Fig. 5 a–c: Tympanic

segment of the facial nerve is shown best on sequential coronal

CT images in bone detail (vertical arrows), extending between

the geniculate ganglion and the posterior genu along the medial

wall of the tympanic space

a b c

Facial Nerve Imaging, CT and MRI, Fig. 6 a–c: Mastoid

segment of the facial nerve is vertically oriented, between the

posterior genu and the stylomastoid foramen. a: axial CT shows

the tympanic segment of the facial nerve ending at the posterior

genu (arrowhead). Notice the oval window (arrow). b: Sagittal

CT reformatted image shows the posterior genu and the mastoid

segment to best advantage (arrowheads). c: 3D Volume ren-

dered CT image shows the mastoid process (MP) and styloid

process (SP) framing the aperture of the stylomastoid foramen

(arrow)
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transmitting parasympathetic innervation to the lacri-

mal gland. The tympanic segment runs horizontally

along the medial wall of the tympanic space just

above the oval window, continuing right under the

lateral semicircular canal to the roof of the sinus tym-

pani, where the nerve turns 90� downward (posterior

genu) to constitute the mastoid segment, finally to exit

through the stylomastoid foramen (Fig. 6a, b, c).

The stapedius nerve arises from the mastoid seg-

ment of the facial nerve just below the posterior genu,

innervating the stapedius muscle within the pyramidal

eminence, to control and modulate the sound trans-

mission dampening effects of the stapedius muscle
upon the ossicular chain. The chorda tympani is

the next branch of the facial nerve, usually at the

inferior mastoid segment above the stylomastoid

foramen. The afferent gustatory fibers from the ante-

rior two thirds of the tongue travel with the lingual

branch of the trigeminal nerve mandibular division to

form the chorda tympani, which crosses the

middle ear and joins the facial nerve at the inferior

mastoid segment.

The facial nerve beyond the stylomastoid foramen

comprises the extracranial segment of the facial nerve,

crossing lateral to the styloid process to enter the

substance of the parotid gland. The intraparotid facial



Facial Nerve Imaging, CT and MRI, Fig. 7 Axial T2-

weighted MRI at the parotid space level shows the course of

the intraparotid facial nerve (yellow line) immediately lateral to

the retromandibular vein (blue circle) separating the parotid

substance into a superficial parotid (SP) and deep parotid (DP)
components

Facial Nerve Imaging, CT and MRI, Fig. 8 Axial Gadolin-

ium-enhanced T1-weighted MR with fat suppression technique

shows the discrete pattern of normal enhancement from

circumneural vascular plexus along the tympanic segment

(arrowheads)
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nerve splits into its major branches as it crosses the

parotid gland, establishing a virtual plane that defines

the superficial and deep portions of the parotid gland.

The intraparotid facial nerve runs lateral to the

retromandibular vein, where it separates into five

major branches: the temporal (frontal), zygomatic,

buccal, marginal mandibular, and cervical branches

(Fig. 7). The facial nerve vascular supply within the

fallopian canal is provided by a circumneural arterial

and venous plexus, supplied by vascular pedicles from

the anterior inferior cerebellar artery at the IAC end of

the fallopian canal and by external carotid artery

branches at the stylomastoid foramen. This slow-

flowing vascular arcade may provide mild enhance-

ment of the facial nerve within the fallopian canal on

Gadolinium-enhanced MRI studies (Fig. 8).
Indication

The determination of which study to use for imaging of

a facial nerve palsy is dictated by the type of clinical
defect found. If a central facial nerve lesion is

suspected by the presence of a paralysis of muscles of

facial expression with forehead sparing, MRI of the

brain is indicated, looking for ischemic, demyelinating

or tumoral lesions in the intra-axial facial nerve path-

ways above the facial nerve nuclei. MRI imaging pro-

tocol includes pre- and post-Gadolinium axial and

coronal T1-weighted 3 mm images, diffusion-

weighted images for detection of ischemic lesions,

and a heavy T2-weighted 3D volume acquisition

partitioned at 1 mm. If on the other hand, a peripheral

facial nerve injury is suspected, expressed as paralysis

of ipsilateral muscles of facial expression, with vari-

able impairment of lacrimation, sound dampening and

taste, a temporal bone lesion should be excluded, best

screened by high-resolution temporal bone CT. CT

images are acquired with a multidetector CT scanner

in axial plane parallel to the hard palate with 0.625 mm

slices at 0.3 mm intervals in edge enhancement bone

detail, with targeted small field of view processed for

each temporal bone independently. The resulting iso-

tropic voxel data can be reviewed with high-resolution

detail in any plane at the imaging workstation,

allowing for a thorough evaluation of the entire

intratemporal course of the facial nerve.
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Contraindication

MRI may be contraindicated in patients with cardiac

pacemakers, old aneurysm clips, or neural stimulator

implanted devices, such as vagus nerve stimulators,

deep brain stimulators, or cochlear implants. In such

cases, high-resolution temporal bone CT remains the

main diagnostic modality.
F

Cross-References

The pathology of the facial nerve varies from

inflammatory Bell’s palsy, to facial nerve congenital

anomalies, hemifacial spasm from vascular

compression, facial nerve tumors such as

schwannomas, intratemporal benign vascular tumors

and malignant lesions, especially perineural spread

from malignancies such as adenoid cystic carcinoma,

squamous cell carcinoma, melanoma, and lymphoma.

For more information on specific entries of facial nerve

pathology, please see also: Facial nerve paralysis due

to Bacterial Etiology, Facial nerve paralysis due to

Viral Etiology, Facial Nerve Anatomy and

Physiology-Embryology, Facial Nerve Anatomy and

Physiology-Examination, Facial Neuroma,

hemangioma and other neoplasms, Facial paralysis in

children.
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Definitions

Neuropraxia: A temporary loss of motor and sensory

neural function due to blockage of nerve conduction,

usually lasting weeks to months before a full recovery

is observed.

Petrous apicitis: An infection involving the apex of

the petrous portion of the temporal bone. It is usually

superimposed on a middle ear infection and may clin-

ically present with an abducens nerve palsy and deep

facial pain associated with inflammation of the trigem-

inal nerve.

Subperiosteal abscess: A collection of purulent fluid

lateral to the mastoid cortex that may be associated

with a mastoiditis and coalescence of the mastoid air

cell system.

Tympanosclerosis: A condition where chronic ear

disease may elicit the production of dense connective

tissue and calcification of various middle ear structures

to include the tympanic membrane, middle ear bones,

and mucosa of the middle ear and mastoid cavity.

Cholesteatoma: A skin cyst in the middle ear and/or

mastoid. This cyst consists of keratinizing squamous

epithelium that may enlarge and erode the middle ear

bones or other structures within the temporal bone.
Introduction

Management of patients who present with acute facial

paralysis can be a challenging task. The clinician must

have a thorough understanding of the anatomy and

physiology of the facial nerve and must be aware of

the numerous disease processes that elicit facial nerve

disorders. Although most cases of acute facial paraly-

sis are mediated by an idiopathic or viral etiology, the

initial evaluation should focus on identifying other

common causes such as trauma, neoplasm, or bacterial

infection.

http://dx.doi.org/10.1007/978-3-642-23499-6_194
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The identification of a bacterial-related facial palsy

is very important since early treatment of infection has

a profound impact on improving long-term clinical

outcomes. The most common bacterial diseases asso-

ciated with facial paralysis are acute otitis media,

chronic otitis media, malignant otitis externa, and

Lyme disease. Each presents with characteristic clini-

cal features that may be discovered through a detailed

history and comprehensive clinical exam. Identifica-

tion of the specific bacterial disease will lead to an

appropriate treatment plan that prevents additional

morbidity and improves facial nerve recovery.
Acute Otitis Media

Acute suppurative otitis media (ASOM) is a bacterial

infection of the middle ear lasting less than 3 weeks in

duration. Typically, it is identified in young children

who present with fever, otalgia, decreased hearing, and

otoscopic findings suggestive of a middle ear

mucopurulent infection. Streptococcus pneumoniae,

Haemophilus influenzae, and Moraxella catarrhalis

are common pathogens associated with ASOM

(Agrawal et al. 2005). Oral antibiotics are highly suc-

cessful in resolving the infection with minimal adverse

effects but in rare instances, a progressive facial weak-

ness may occur with ASOM.

The overall incidence of facial palsy associated

with ASOM is estimated at 0.005% (Vrabec and

Coker 2006). It is commonly believed to arise from

the various bacterial and inflammatory substrates that

exist within a suppurative effusion. These substrates

produce neural inflammation that eventually leads to

facial nerve edema and neuropraxia (Kitsko and Dohar

2007). Congenital dehiscences of the fallopian canal

commonly found in the tympanic segment are sites

where infection may directly contact the facial nerve

to induce an inflammatory effect (Mattox 2010). Other

potential pathways are through the small bony canalic-

uli that transmit the chorda tympani and stapedial

nerves from the mastoid segment of the fallopian

canal to the middle ear (Yetiser et al. 2002).

If facial nerve palsy is observed with ASOM,

a computed tomography (CT) scan of the temporal

bone should be obtained to determine the extent of

disease. Using intravenous antibiotics and a wide

myringotomy, initial treatment is directed at
eradicating the ear infection and its toxic metabolites

from the temporal bone. Middle ear fluid obtained

during the myringotomy should be cultured for bacte-

rial sensitivities that may further direct antibiotic ther-

apy. If the patient is known to have a significant history

of recurrent otitis media, a myringotomy tube may also

be placed for prolonged ventilation of the middle ear.

These measures typically lead to the prompt resolution

of ASOM and an excellent prognosis. A complete

facial nerve recovery can be expected in greater than

95% of patients with ASOM associated facial palsy

(Agrawal et al. 2005).

However, if the fever and otalgia do not respond to

appropriate therapy or if facial paralysis persists for

longer than a week, a cortical mastoidectomy should

be performed to debride recalcitrant areas of infection.

A mastoidectomy is also advocated if other complica-

tions of ASOM such as a coalescent mastoiditis, petrous

apicitis, or subperiosteal abscess are identified (Agrawal

et al. 2005). When completing a mastoidectomy

for ASOM, facial nerve decompression is not

recommended (Kitsko and Dohar 2007). This may

further expose the nerve to toxic metabolites and it

increases the possibility of an iatrogenic injury to an

already inflamed nerve.
Chronic Otitis Media

Chronic Suppurative Otitis Media/Cholesteatoma

Chronic suppurative otitis media (CSOM) is defined as

an active bacterial infection of the middle ear or mas-

toid that is associated with chronic ear disease and

a history of past or present tympanic membrane perfo-

ration. CSOM is mainly found in adults and typically

presents with chronic ear drainage, hearing loss, and

signs of chronic infection such as eardrum perforation,

atelectasis, tympanosclerosis, or cholesteatoma. Com-

mon pathogens of CSOM include Pseudomonas
aeruginosa, Proteus mirabilis, and Staphylococcus

aureus (Agrawal et al. 2005). The long-term inflam-

matory effect of these pathogens on the mucosa of the

middle ear and mastoid commonly leads to fibrosis,

granulation tissue, and sometimes cholesteatoma.

Uncomplicated CSOM is initially treated in

a similar fashion as ASOM. Systemic antibiotics are

directed at clearing active infection from the middle

ear and mastoid. If the eardrum is intact,
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a myringotomy is completed and the middle ear fluid is

cultured for bacterial sensitivity. However, when

CSOM is complicated by facial palsy, the role of

cholesteatoma and granulation tissue must be consid-

ered. Both are capable of eroding the fallopian canal

and producing an enlarged area of facial nerve expo-

sure that is susceptible to toxic or compressive ele-

ments. Any development of facial weakness

associated with CSOM should be evaluated with

a CT scan of the temporal bone. This will determine

the status of the fallopian canal and the presence of

cholesteatoma or additional intratemporal complica-

tions. Patients with facial nerve palsy and

cholesteatoma have a worse prognosis for functional

facial recovery than those with CSOM alone (Toh and

Lee 2008).

When CSOM is complicated by facial dysfunction,

surgical debridement of the mastoid and middle ear is

necessary to provide the patient with a safe ear. During

a tympanomastoidectomy, the facial nerve should be

inspected and carefully decompressed of any diseased

tissue without opening the epineurium (Vrabec and

Coker 2006). Surgery should be performed early

since higher rates of facial nerve recovery are associ-

ated with earlier intervention (Makeham et al. 2007). If

facial paralysis is present for longer than 3 weeks,

functional facial improvement is rarely observed

(Vrabec and Coker 2006). Overall, the prognosis of

complete facial nerve recovery in CSOM is reported to

be between 58% and 70% (Agrawal et al. 2005).

Tuberculous Otitis Media

Tuberculous otitis media (TOM) is caused by Myco-
bacterium tuberculosis and accounts for 0.05–0.9% of

chronic infections of the middle ear (Vaamonde et al.

2004). In developed countries, it is commonly associ-

ated with immigrants, lower socioeconomic status,

patients suffering from human immunodeficiency

virus, and those with a personal or family history of

tuberculosis. The classic description of TOM includes

painless otorrhea, multiple tympanic membrane perfo-

rations, and facial palsy. However, most patients do

not demonstrate this triad and instead manifest

a presentation that can be easily confused with CSOM.

Clinical findings suggestive of TOM include

chronic otorrhea, tympanic membrane perforation,

abundant pale granulation tissue, polypoid mucosal

inflammation, the formation of bony sequestra, and
cervical lymphadenopathy. A mixed hearing loss is

usually identified and may be attributed to ossicular

erosion and an inner ear labyrinthitis. Facial palsy

develops in approximately 10% of adults and 35% of

children with TOM (Schleuning et al. 2006). CT scans

of the temporal bone typically show soft tissue

opacification of the middle ear and mastoid that is

typically indistinguishable from CSOM.

Since TOM is a rare cause of bacterial mediated

facial paralysis, it is imperative that this disease be

identified early so that proper medical treatment can

be administered. A key finding suggestive of TOM is

chronic otorrhea refractory to medical management.

Once TOM is suspected, testing should be directed

toward identifying a mycobacterial source. Although

not highly sensitive, aural exudate should be cultured

for mycobacteria. A positive PPD (tuberculosis skin

test) or evidence of pulmonary tuberculosis on chest

X-ray or CT scan may also lend support for the

diagnosis of TOM. If still uncertain, histologic and

microbiologic analysis of biopsied middle ear tissue

is the gold standard for identifying TOM. It is

important that any biopsies meant for culture be

sent as fresh specimens without using formalin. Once

diagnosed, TOM is treated with a standard

antituberculosis multidrug chemotherapy regimen.

This commonly includes isoniazid, rifampin, and

pyrazinamide. Most studies show that medical

management with appropriate antibiotics results in

good facial recovery, resolution of otorrhea, and spon-

taneous closure of eardrum perforations (Vaamonde

et al. 2004). If antibiotic treatment of aural tuberculosis

does not improve clinically, some advocate surgery to

eradicate recalcitrant disease (Schleuning et al. 2006).
Malignant Otitis Externa

Malignant otitis externa (MOE) is a severe infection of

the external auditory canal (EAC) that gradually pro-

gresses into an osteomyelitis of the temporal bone and

skull base. In the majority of cases, MOE is associated

with immunocompromised individuals and the gram-

negative aerobe, Pseudomonas aeruginosa (Hirsch

2005). The diagnosis of MOE is based on its clinical

presentation along with supportive radiographic imag-

ing and laboratory findings. MOE is commonly found

in the elderly diabetic who describes severe otalgia
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(usually worse at night), aural fullness, hearing loss,

and otorrhea. Otoscopy typically demonstrates puru-

lent otorrhea and granulation tissue localized at the

bony-cartilaginous junction of the EAC floor. There

is usually an absence of any middle ear pathology.

The external ear infection travels to the skull base

through small perforations in the cartilaginous portion

of the EAC known as the fissures of Santorini. An

ensuing osteomyelitis will spread medially to the var-

ious skull base foramina and this may result in multiple

cranial neuropathies. Since, the stylomastoid foramen

is in close proximity to the EAC, facial nerve paralysis

is commonly observed in up to 25% of MOE patients

(Carfrae and Kesser 2008).

Laboratory evaluation of MOE focuses on the anal-

ysis of biopsied granulation tissue from the EAC.

Biopsies are primarily used to rule out malignancy of

the EAC since carcinoma has a similar clinical presen-

tation as MOE. Although pseudomonas is identified in

up to 98% of cases of MOE, tissue cultures are rou-

tinely grown to identify the specific bacteria involved

and its antibiotic sensitivities. Rarely, a fungal patho-

gen such as an Aspergillus species may be identified.

Leukocytosis and other laboratory signs of systemic

infection are not commonly identified, but an elevated

erythrocyte sedimentation rate (ESR) is a typical find-

ing in cases of MOE (Carfrae and Kesser 2008).

A variety of radiographic modalities are used in the

diagnosis and management of MOE. CT scans of the

temporal bone are routinely obtained early in the diag-

nostic stage to determine if erosive bony changes of the

EAC and skull base are consistent with MOE. Nuclear

imaging studies using technetium and gallium may

also support a diagnosis of MOE. Technetium concen-

trates in areas of high osteoblastic activity and serves

as an early indicator of osteomyelitis (Hirsch 2005).

Gallium concentrates in areas of high inflammation

and will identify both bony and soft tissue involvement

of infection.

Appropriate treatment of MOE is accomplished

using long courses of high dose antibiotic therapy

and occasional selective surgical debridement.

Although symptoms may resolve quickly, anti-

pseudomonal antibiotics such as ciprofloxacin are

advocated for at least 6–8 weeks (Carfrae and Kesser

2008). With a focus on early medical management,

past mortality rates of up to 50% have been reduced

to less than 15%. Still, recurrence rates of up to 20%

have been reported (Carfrae and Kesser 2008). The
overall prognosis of MOE with facial paralysis is not

significantly different than MOE without facial dys-

function. However, in contrast to lower cranial nerve

recovery, patients who experience facial nerve paraly-

sis rarely recover normal facial function (Carfrae and

Kesser 2008). As indicators of inflammation, gallium

scans and the ESR are commonly used to confirm

resolution of MOE and may serve as an endpoint for

medical therapy.
Lyme Disease

Lyme disease is a systemic illness that occurs when the

spirochete Borrelia burgdorferi is transmitted to

humans through the bite of an Ixodes tick. It occurs

throughout the United States, Europe, and Asia, and is

endemic in various regions. After the initial tick bite,

the symptoms of Lyme disease typically develop in

stages but the clinical manifestations are highly vari-

able. Early findings may include a characteristic rash at

the site of the tick bite known as erythema migrans and

generalized flu-like symptoms such as headache, myal-

gias, fevers, chills, and profound fatigue (Schleuning

et al. 2006). Late findings occur months after the initial

bite and may include the development of cardiac

inflammation (specifically A-V block), meningitis,

multiple neuropathies, encephalopathy, and arthritis

(Marques 2010). The facial nerve is the most common

cranial nerve affected and facial nerve paralysis can

occur in up to 11% of patients with a 3:1 ratio of

unilateral to bilateral involvement (Limb and Niparko

2005). In certain endemic regions, Lyme disease may

be responsible for up to 50% of facial paralysis seen in

children (Mattox 2010).

A diagnosis of Lyme disease is based primarily on

a history of possible tick exposure and the characteris-

tic progression of systemic, cutaneous, and neurologic

symptoms throughout the varied stages. Early detec-

tion can be difficult because many patients will not

remember an insect bite. In the late stages, serologic

testing with an enzyme-linked immunosorbent assay

(ELISA) followed by the more reliable western blot

testing is recommended (Marques 2010). These tests

can corroborate a diagnosis of Lyme disease but they

do not distinguish between an active and inactive

infection.

Most manifestations of Lyme disease spontane-

ously resolve. However, antibiotic therapy is
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recommended to enhance recovery and prevent long-

term sequelae. Lyme disease is commonly treated with

14–28 day regimens of doxycycline, amoxicillin,

cefuroxime axetil, or penicillin (Marques 2010). The

prognosis for facial nerve recovery is excellent. Most

patients achieve complete recovery and the few

affected patients usually experience mild residual

impairment or synkinesis.
F

Conclusion

In the management of acute facial palsy, current evi-

dence suggests that infectious etiologies are implicated

in the majority of cases. Although viruses comprise the

largest source, various bacteria are associated with

facial nerve paralysis. In all cases of facial nerve

palsy, a careful investigation should determine if an

underlying bacterial process is present. If bacterial

pathology is recognized, prompt antibiotic and selec-

tive surgical treatment should be initiated to resolve

the infection, prevent further morbidity, and improve

long-term facial function.
Disclaimer

The views expressed in this presentation are those of

the author and do not necessarily reflect the official
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government.
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Definitions

1. Bell’s palsy: A form of facial paralysis that is

idiopathic, sudden in onset, predominantly unilat-

eral, and typically self-limiting. It is commonly

referred to as a diagnosis of exclusion and reserved

for facial nerve dysfunction that has no known

etiologies.

2. Ramsay Hunt Syndrome: A form of acute facial

paralysis that is associated with the varicella zoster

virus. It is typically characterized as a unilateral

facial paralysis that is accompanied by a specific

vesicular rash that is commonly localized to the

http://dx.doi.org/10.1007/978-3-642-23499-6_832
http://dx.doi.org/10.1007/978-3-642-23499-6_100368
http://dx.doi.org/10.1007/978-3-642-23499-6_450
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ear. It is typically more severe than Bell’s palsy

and is frequently associated with vestibulocochlear

symptoms such as hearing loss, tinnitus, and

vertigo.

3. EMG: Electromyography is an electrophysiologic

test that determines the activity of a muscle. It

measures spontaneous and voluntarily initiated

postsynaptic membrane potentials. After a specific

nerve injury, it reflects degeneration in the form of

fibrillation potentials. If reinnervation of the muscle

and recovery occur, it will demonstrate high fre-

quency polyphasic potentials prior to actual

voluntary muscle movement.

4. ENOG: Electroneuronography or evoked EMG is

an electrophysiologic test that determines

facial motor response to a supramaximal electrical

stimulus of the facial nerve. The elicited response is

a compound muscle action potential and its

amplitude forms a quantitative assessment of

nerve integrity. This response is compared to the

normal side of the face.

5. Facial Synkinesis: Involuntary movements of

some facial muscles when attempting to make

purposeful voluntary movement of other facial

muscles.
Introduction

Management of patients presenting with acute facial

paralysis can be a challenging task. The clinician must

have a thorough understanding of the anatomy and

physiology of the facial nerve and must be aware of

the numerous disease processes that elicit facial nerve

disorders. Common causes of acute facial paralysis

include Bell’s palsy, trauma, Ramsay Hunt syndrome,

neoplasm, infection, congenital anomalies, and sys-

temic processes.

Many of these common causes of facial paralysis

are well defined and have specific evaluation and

treatment protocols. However, Bell’s palsy,

accounting for up to two third of acute facial paralysis

has been an idiopathic disorder of unknown

etiology and its management has been controversial.

Historically, mechanisms such as microcirculatory

failure, autoimmune reaction, and viral inflammation

were leading etiologies proposed for this disorder.

Now after much investigation, the type 1 herpes

simplex virus (HSV-1) has gained the strongest
support for causing most cases of Bell’s palsy

(Toh and Lee 2008). Ramsay Hunt syndrome, another

common cause of acute facial paralysis has long been

associated with the varicella zoster virus (VZV).

Together, these viruses strengthen the concept of

viral-mediated inflammation as a predominant

etiology for acute facial paralysis.

Both HSV-1 and VZV are derived from the herpes

family of viruses, and as such, they share many

common characteristics. Most importantly, they

demonstrate an affinity for the peripheral nervous

system and the ability to establish a dormant site of

infection within various sensory cranial nerve ganglia

(Sweeney 2001; Simmons 2002). Periodically, these

viruses will reactivate from the latent state and

manifest characteristic mucosal or skin lesions in

a dermatomal pattern. This is most commonly seen

with reactivation of HSV-1 in the trigeminal ganglion

and its subsequent production of recurrent mucocuta-

neous lesions (Simmons 2002). It is hypothesized that

these viruses will reactivate in the geniculate ganglion

and trigger an inflammatory response that causes the

facial nerve paralysis seen in Bell’s palsy and Ramsay

Hunt syndrome.
Pathophysiology

To formulate a theory for the pathogenesis of Bell’s

palsy and to further define Ramsay Hunt syndrome,

investigators correlated clinical observations with

anatomic, physiologic, and histopathologic studies.

Through these studies, HSV-1 and VZV were

implicated as the likely etiologic agents for Bell’s

palsy and Ramsay Hunt syndrome, respectively.

Also, the meatal foramen was identified as the

most likely intratemporal location for initiating a

viral-mediated facial nerve injury.
Viral-Mediated Pathogenesis

Clinical support for a viral-mediated mechanism of

acute facial palsy originated from the fact that acute

facial paralysis was observed in many viral illnesses

including measles, mumps, herpes simplex infection,

infectious mononucleosis, and HIV infections. How-

ever, some discounted these observations as circum-

stantial since viral serology markers and clinical signs
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of active viral infection were inconsistently identified

in many cases of Bell’s palsy or Ramsay Hunt syn-

drome. Others suggest that these inconsistencies are

best explained by the fact that HSV-1 and VZV pro-

duce their effect as latent reactivations of sensory

ganglia (Mattox 2010). Therefore, the clinical signs

or serologic markers commonly seen in an initial infec-

tion may not be present in viral-mediated facial

paralysis.

The most significant evidence relating HSV-1 with

Bell’s palsy and VZV with Ramsay Hunt syndrome

was determined through studies of the geniculate gan-

glion by Murakami and associates (Murakami et al.

1996). They used polymerase chain reaction (PCR)

techniques confirmed by Southern blot analysis to

detect HSV-1 and VZV DNA in the endoneural fluid

and postauricular muscle of subjects undergoing facial

nerve decompression for paralysis. Eleven of fourteen

patients with Bell’s palsy were positive for HSV-1 and

eight of nine patients with Ramsay Hunt syndrome

were positive for VZV. All the control subjects who

had facial paralysis for other known causes such as

trauma or neoplasm were negative for any viral

pathology.

Additional support for the role of HSV-1 in Bell’s

palsy was suggested from an animal model experiment

performed by Sugita and coworkers (Sugita et al.

1995). They were able to replicate the clinical course

of Bell’s palsy after inoculating the auricle or lateral

tongue of mice with HSV-1. The resultant facial paral-

ysis developed in 6–9 days, persisted for up to a week

and spontaneously resolved in all cases. Through these

studies and others, it has been postulated that the initi-

ating event for the facial paralysis of Bell’s palsy and

Ramsay Hunt syndrome is the reactivation of latent

HSV-1 or VZV from the geniculate ganglion of the

facial nerve.

Although early studies on Bell’s palsy and Ramsay

Hunt syndrome demonstrated abnormal facial nerve

conduction within the intratemporal segment,

a specific mechanism for how viruses mediate their

pathogenic affect on the facial nerve was unknown.

Anatomically, the facial nerve arises from the pontine

portion of the brainstem and travels across the

cerebellopontine angle to enter the temporal bone.

From proximal to distal, the intratemporal course of

the facial nerve is divided into four segments: meatal,

labyrinthine, tympanic, and mastoid. The meatal seg-

ment is approximately 8–10 mm long and spans the
internal auditory canal (IAC) from the porus acusticus

medially to the fundus laterally. In this meatal seg-

ment, the facial nerve is accompanied by the

vestibulocochlear nerve. At the fundus, the facial

nerve proceeds on its own through the fallopian

canal. The first portion of the fallopian canal is the

labyrinthine segment. It is approximately 2.5 mm in

length and extends from the meatal foramen (opening

of fundus) to the geniculate ganglion. At the genicu-

late ganglion, the facial nerve makes a posterior turn

and travels through the tympanic cavity toward the

pyramidal eminence. This 8–11 mm segment is

known as the tympanic or horizontal segment.

Finally, the facial nerve will make an inferior turn

at the second genu to extend vertically from the

pyramidal eminence to the stylomastoid foramen.

This final 10–14 mm segment is known as the

mastoid segment.

Fisch analyzed the intratemporal course of the

facial nerve in detail and he found that the meatal

foramen had a mean diameter of 0.68 mm (Fisch

1972). This marked the narrowest location for the

facial nerve to transgress as it coursed through the

temporal bone. The narrowest segment was the laby-

rinthine segment that begins at the meatal foramen and

ends at the geniculate ganglion. Building on these

anatomic findings, other investigators completed elec-

trophysiologic studies on Bell’s palsy and Ramsay

Hunt patients who underwent surgical decompression

of the facial nerve. The decompressed facial nerve was

electrically stimulated at various locations along its

intratemporal course and a conduction differential

was identified across the meatal foramen (Limb and

Niparko 2005). Adding to the evidence that the meatal

foramen was the major site of viral-mediated facial

nerve injury, many histopathology studies demon-

strated diffuse inflammatory infiltrates and demyelin-

ation of the facial nerve, with the most severe changes

affecting the meatal foramen and labyrinthine segment

(Mattox 2010).

Accounting for the intrinsic properties of HSV-1

and VZV, the intratemporal anatomy of the facial

nerve, and the various studies described above;

a viral-mediated etiology for facial nerve injury is

likely. A postulated sequence of events includes

a viral reactivation within the geniculate ganglion,

subsequent diffuse inflammation throughout the facial

nerve, and a compression facial neuropathy originating

in the labyrinthine segment.
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Management of Viral-Mediated Facial Palsy

The initial evaluation of the patient with acute facial

paralysis should focus on excluding nonviral etiolo-

gies. Each evaluation should include a detailed his-

tory, an extensive review of systems, a complete

physical exam, and a routine audiology exam. The

onset and progression of facial paralysis (sudden or

gradual), any associated neurologic or sensory find-

ings, and the degree of facial paralysis (complete or

incomplete), are key clinical elements that must be

addressed.

In the history, a key factor is the onset and progres-

sion of the paralysis. Viral mediated causes such as

Bell’s palsy or Ramsay Hunt syndrome will typically

demonstrate facial paralysis that develops within

2–3 weeks and will demonstrate some recovery in

facial movement within 3–4 months. However, if

a carefully observed facial paralysis continues to

progress after the initial 3 weeks or if no improvement

is noticed after 4–6 months, other pathology such as

neoplasm must be investigated (Toh and Lee 2008).

On physical exam, it is critical to accurately assess

the level of facial motor dysfunction in terms of com-

pleteness. The clinician should remember that upper

eyelid movement derived from the levator palpebral

muscle is innervated by the oculomotor nerve and not

the facial nerve. Therefore, subtle upper eyelid move-

ment in the context of a complete facial paralysis should

not bemisinterpreted as a partial paralysis. Furthermore,

a standardized facial nerve grading system such as the

House-Brackmann scale should be used to document the

status of facial movement. This serves as a consistent

scale for comparative assessment of facial nerve dys-

function in both the diagnostic and recovery phases.

While excluding common nonviral causes of facial

paralysis, the clinical presentations of Bell’s palsy and

Ramsay Hunt syndrome should be considered.

Bell’s Palsy – HSV1: Although categorized as

a diagnosis of exclusion, Bell’s palsy has a specific

set of clinical findings that are characteristic of this

disease. It is typically described as an acute unilateral

palsy of the face that occurs with rapid onset and

limited duration. The facial dysfunction typically

develops within 48–72 h and it may commonly be

associated with other symptoms such as pain or numb-

ness in the face or postauricular area, taste disturbance,

hyperacusis, and decreased lacrimation. Some level of
spontaneous facial nerve recovery should be identified

within 4–6 months, however up to 85% will occur in

less than 3 weeks (Vrabec and Coker 2006). Overall,

there is no age or sex predilection and it rarely affects

children. It has a slight female predominance in the

early adult years and this changes to a slight male

predominance in older adults (Mattox 2010). Bell’s

palsy is known to recur in approximately 10% of

patients. Known risk factors for Bell’s palsy include

pregnancy and HIV infection but the risk level of

diabetes mellitus is controversial (Limb and Niparko

2005).

Ramsay Hunt – VZV: Ramsay Hunt syndrome

develops from the reactivation of the VZV in the

geniculate ganglion. It clinically manifests with an

acute facial palsy, ear pain, and herpetic vesicular

eruptions appearing in a dermatomal fashion along

sensory areas innervated by the facial nerve such as

the external auditory canal and concha. The vesicular

eruptions usually appear at the same time as the facial

paralysis but 25% may appear earlier and these

patients will have an improved prognosis (Mattox

2010). Some eruptions appear later and require careful

repetitive examination to ensure proper identification

of Ramsay Hunt syndrome. The pain usually precedes

the palsy and rash by a few days. Facial nerve degen-

eration is noted to be more severe than in Bell’s palsy

and there is a higher degree of associated symptoms

such as sensorineural hearing loss, vertigo, tinnitus,

hyperacusis, dysgeusia, and decreased lacrimation

(Sweeney 2002). Although more severe than Bell’s

palsy, the initial progression of facial paralysis in

Ramsay Hunt syndrome is slower, many times lasting

up to 3 weeks. Like Bell’s palsy, there is no sex

predilection however unlike Bell’s, it is commonly

found in the elderly population with increased inci-

dence after age 60 (Mattox 2010). Recurrence is

uncommon.

A variant of Ramsay Hunt syndrome is the diagnosis

of Ramsay Hunt syndrome zoster sine herpete. This

syndrome is characterized by a peripheral facial

paralysis and radicular pain but without the dermatomal

rash normally affecting the ear or mouth. In the absence

of a rash, zoster sine herpete may be clinically confused

with Bell’s palsy (Sweeney 2001). Correct identification

of this variant is found when a fourfold rise in serum

antibody titers to VZV or positive evidence of VZV

DNA on PCR is obtained (Sweeney 2001).
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Diagnostic Testing

A comprehensive clinical approach to facial nerve

palsy will narrow the differential diagnosis and deter-

mine if additional diagnostic testing needs to be

performed. If the pathognomonic characteristics of

Bell’s palsy or Ramsay Hunt syndrome are identified,

no further diagnostic testing is necessary. However, if

the diagnosis is uncertain or if common pathologies

such as trauma, bacterial infection, or neoplasm are

suspected; radiographic imaging is used for further

evaluation.

High resolution computed tomography (CT) and

magnetic resonance imaging (MRI) are commonly

used to evaluate head and neck disorders. In facial

nerve disorders, the primary role of radiographic

imaging is to identify or further define nonviral

pathology. Excellent at evaluating bony anatomy,

CT imaging of the temporal bone is particularly useful

for cases of trauma, infection, and for identifying

facial nerve injury along the course of the bony

fallopian canal.

MRI is sensitive for evaluating soft tissue densities

and therefore it is useful in examining the intrinsic

facial nerve throughout its entire intra- and extracra-

nial course. Specifically, contrast enhanced MRI is

highly sensitive for identifying neuronal enhancement

that is due to inflammation or neoplasm (Vrabec and

Coker 2010). Investigators found that Bell’s palsy and

Ramsay Hunt syndrome demonstrate a diffuse

enhancement of the facial nerve as compared to the

focal enhancement seen with neoplasm (Limb and

Niparko 2005). This may be particularly helpful

when early neoplastic processes mimic Bell’s palsy.

The fact that the diffuse enhancement is mainly iden-

tified at the distal meatus and labyrinthine segment,

lends further support to the theory of a viral-mediated

pathogenesis for Bell’s palsy and Ramsay Hunt syn-

drome, (Mattox 2010). Unfortunately this is

nondiagnostic, since a similar enhancement of the

facial nerve has been seen in MRI evaluations of nor-

mal patients (Limb and Niparko 2005).
Prognosis and Electrophysiologic Testing

The prognosis for most patients with Bell’s palsy is

very good. Approximately one third of the patients
will only suffer a partial paralysis and if so, they have

a high likelihood of obtaining an excellent recovery

with only a few experiencingmild residual deficits. Of

the two third of patients who develop a complete

paralysis, all will experience some recovery but the

extent of recovery is variable. In multiple studies on

the natural progression of Bell’s palsy, approximately

15–40% of the patients who experience a complete

paralysis will go on to suffer long-term major

sequelae (Limb and Niparko 2005). The primary indi-

cator for determining the level of recovery is the

amount of time elapsed before some recovery is evi-

dent. If the time delay is longer than 6–8 weeks, major

sequelae such as synkinesis, residual weakness, and

muscle spasms are more likely to occur. The progno-

sis for Ramsay Hunt syndrome is much worse than

Bell’s palsy. Several studies show poor rates of com-

plete recovery ranging from 16% to 22% and of those

who have incomplete recovery, approximately 50%

will suffer major sequelae such as synkinesis,

weakness, and spasm (Vrabec and Coker 2006;

Mattox 2010).

The role of electrophysiologic testing in facial

nerve paralysis is to determine which patients are

likely to recover from those who will suffer long-

term disability and might benefit from medical or

surgical intervention. In patients with a partial paral-

ysis, electrical testing is not helpful since almost all of

these patients experience an excellent prognosis for

complete recovery. However, in complete paralysis

with its varied recovery rates, certain electrophysio-

logic tests such as electroneuronography (ENoG) and

electromyography (EMG) have been useful in deter-

mining prognosis. When using ENoG, if the measured

amplitude of the compound muscle action potential

(CMAP) from the impaired side of the face decreases

to 10% or less than the normal side (especially within

the first 14 days of onset), the patient is likely to

experience a poor clinical outcome (Limb and

Niparko 2005). A worse prognosis can be expected

if the 10% threshold is met early within the first few

days after onset of facial paralysis. EMG testing of the

facial nerve is commonly used in coordination with

ENoG to confirm absence of voluntary muscle activ-

ity. It is also useful in documenting nerve degenera-

tion in the form of fibrillation potentials and it can

predict an eventual recovery when polyphasic poten-

tials are observed.
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Treatment

The various treatment options for Bell’s palsy and

Ramsay Hunt syndrome have been controversial.

Medical treatment of facial paralysis from a presumed

viral-mediated inflammatory reaction would suggest

a significant role for corticosteroid and antiviral ther-

apy. However, numerous clinical trials and meta-

analyses have explored these options and only steroid

therapy has proven to be effective in improving facial

function for both Bell’s palsy and Ramsay Hunt syn-

drome (Limb and Niparko 2005; Lockhart et al.

2009). Although consensus is lacking on the dosage

and duration of steroid therapy, early use is advocated

and many studies show a marginal improvement in

complete facial nerve recovery as compared to pla-

cebo. Recent investigations on the role of antiviral

therapy in Bell’s palsy have shown no significant

benefit for facial nerve recovery and its use is not

currently advocated (Lockhart et al. 2009). In Ramsay

Hunt syndrome, antiviral agents have shown signifi-

cant benefit in improving postherpetic neuralgia and

for resolving vesicular skin lesions, but its affect on

facial nerve outcomes has been controversial

(Sweeney 2002; Uscategui 2008). Combination ther-

apy with steroids and antiviral agents are commonly

advocated for Ramsay Hunt syndrome but no

high quality evidence has proven its efficacy

(Sweeney 2002).

Surgical decompression of the facial nerve for

Bell’s palsy remains controversial. In a well-

controlled multicenter trial, Gantz and colleagues

clearly showed improvement in facial nerve outcomes

for patients with severe facial paralysis who demon-

strated greater than 90% degeneration on ENoG and

no voluntary EMG potentials within the first 2 weeks

of facial paralysis (Gantz et al. 1999). However, using

the same criteria, clinical trials have shown that up to

50% of these patients treated conservatively will

achieve adequate recovery with minimal weakness.

In consideration of the fact that a middle fossa decom-

pression surgery is not without risk for iatrogenic

injury and current electrophysiologic testing is not

able to conclusively predict which patients will go

on to suffer major sequelae, many clinicians do not

routinely operate on viral-mediated facial paralysis.

Yet it still remains a valid option for those patients

with severe degeneration who meet ENoG and EMG

criteria.
Conclusion

In the management of acute facial nerve palsy, current

evidence suggests that a viral pathogen may be impli-

cated in the majority of cases. Certain clinical findings

are characteristic of a presumed viral etiology and

a plausible pathophysiologic mechanism has been

proposed. However, a consensus on the specific eval-

uation and treatment of viral-mediated facial nerve

palsy is still evolving. A comprehensive approach that

explores other etiologies for facial nerve paralysis is

still of primary importance. If a viral etiology is ulti-

mately suspected and a complete paralysis is evident,

electrophysiologic testing may be used to predict

long-term outcomes and to possibly direct further

medical or surgical management. Although anti-

inflammatory and antiviral pharmacologic agents are

well tolerated by most patients, further investigation

will be necessary to determine their specific roles in

the overall management of viral-mediated facial

paralysis. Corticosteroids have shown some benefit

in the treatment algorithm for acute facial palsy and

its early use is advocated. Antiviral therapy alone has

not been found to be clinically significant. However,

in severe facial paralysis, combined early antiviral

and corticosteroid therapy is supported. In regard to

surgery, a middle fossa decompression of the labyrin-

thine segment of the facial nerve has proven to be

effective in certain clinical circumstances and it

remains a viable treatment option for severe complete

facial paralysis.
Disclaimer

The views expressed in this presentation are those of

the author and do not necessarily reflect the official

policy or position of the Department of the Navy,

Department of Defense, or the United States

government.
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Basic Characteristics

The complex anatomy of the facial nerve can best be

appreciated with an awareness of its embryologic

development. This awareness allows the surgeon to

understand and often anticipate anatomic variations.

In this entry, the developmental anatomy of the facial

nerve is outlined from roughly the third week of ges-

tation through birth, although the majority of its devel-

opment takes place within the first 3–4 months of fetal

life. It concludes with a comment on the clinical impli-

cations of aberrant development of the facial nerve.

The content was summarized primarily from two

sources, so the reader is referred to publications by

Gasser and May as well as Sataloff and Selber for

more detailed discussion.

It would be difficult to discuss facial nerve embry-

ology without an understanding of facial nerve anat-

omy, therefore a brief overview is provided here for

reference. The motor nucleus of the adult facial nerve

is located in the caudal portion of the pons. As the

axons exit the motor nucleus medially, they bend

around the abducens nucleus and exit laterally between

the olive and the inferior cerebellar peduncle. The

nervus intermedius consists of sensory neurons from

the geniculate ganglion as well as parasympathetic

axons from the superior salivatory nucleus. This sen-

sory root of the facial nerve enters the central nervous

system at the pontocerebellar groove. The facial nerve

and the nervus intermedius travel with the eighth cra-

nial nerve into the internal auditory canal. Through its

course, the facial nerve gives rise to three major

intratemporal branches and seven extratemporal

branches terminating primarily to innervate the facial

musculature (Sataloff and Selber 1993).

The developing brain and brainstem are derived

from three primary vesicles or dilations of the neural

tube: the prosencephalon (forebrain), mesencephalon

(midbrain), and rhombencephalon (hindbrain). The

rhombencephalon divides into the myencephalon and

metencephalon, the latter eventually forms the pons

http://dx.doi.org/10.1007/978-3-642-23499-6_194
http://dx.doi.org/10.1007/978-3-642-23499-6_633
http://dx.doi.org/10.1007/978-3-642-23499-6_633
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F 880 Facial Nerve, Embryology
and cerebellum. At the end of the third week of gesta-

tion, a cluster of neural crest cells becomes apparent

rostral to the otic placode attached to the metencepha-

lon. This collection of cells gives rise to both the

seventh and eighth cranial nerves and is therefore

named the facioacoustic (or acousticofacial) primor-

dium. By the end of the fourth week, the facial and

acoustic portions become better defined. The facial

portion forms a cell column terminating near

a thickened area of surface ectoderm called an

epibranchial placode on the surface of the second

branchial arch. The acoustic portion terminates on the

otocyst, which is formed at roughly the same time by

invagination of the otic placode.

In the early part of the fifth week, the distal segment

begins to separate into two parts. The caudal portion,

which represents the main trunk, terminates in the

mesenchyme of the second arch. The rostral portion

courses into the first (mandibular) arch to become the

chorda tympani nerve. Where the nerve approaches

the epibranchial placode, large dark nuclei indicate

the location of the developing geniculate ganglion.

At the end of the fifth week, the facial motor nucleus

can be recognized in the region of the metencephalon

that will become the pons.

Near the end of the seventh week, the facial nerve

roots are evident and the geniculate ganglion is more

distinct. The nervus intermedius extends from the gan-

glion to enter the brainstem and comprises the sensory

portion of the nerve. The motor fibers of the facial

nerve develop independently from the sensory path-

way, which allows individuals with congenital facial

paralysis to taste and produce tears normally.

As stated earlier, the facial nerve gives rise to three

major intratemporal branches. The chorda tympani

nerve and the greater superficial petrosal nerve

(GSPN) are the first to form. The chorda tympani is

identifiable during the fifth week coursing into the

mandibular arch terminating near the mandibular

branch of the trigeminal nerve. By the end of the

seventh week it joins with the lingual nerve just prox-

imal to the developing submandibular ganglion. The

GSPN forms rostral to the geniculate ganglion shortly

after the chorda tympani nerve is evident. By the eigth

week, the GSPN is well developed and joins with the

deep petrosal nerve near the developing internal

carotid artery to form the nerve of the pterygoid

canal. It then terminates into a group of cells that will

become the pterygopalatine ganglion. The stapedius
muscle is innervated from the time it is formed during

the seventh week; however, a distinct branch (nerve to

the stapedius) is not evident until the eigth week of

gestation.

The intratemporal segment, which forms before the

extratemporal segment, initially travels in a vertical

direction straight into the second pharyngeal arch. By

the end of the fifth week, the developing nerve takes

a slight caudal bend at the site of the developing

geniculate ganglion. This horizontal segment becomes

more apparent as the region expands during the sixth

and seventh week of development. Gasser and May

(2000) states that the formation of the horizontal seg-

ment is due to a caudal shift of second arch structures,

which draws the distal portions of the nerve caudally.

The geniculate ganglion and nerve segments proximal

to it may remain essentially stationary due to tethering

from the developing GSPN. The region immediately

distal to this horizontal segment turns vertically at the

pyramidal process to run through the mastoid and exit

at the stylomastoid foramen. This caudal shift pro-

gresses throughout fetal life and the vertical segment

tends to lie in a more anterior position in relation to the

middle and external ear until it rests essentially in its

adult position at birth.

By the eigth week of gestation, the membranous

labyrinth reaches its adult configuration and the carti-

laginous otic capsule forms around it. At this point, the

relationships of the intratemporal segment are predom-

inantly established. Shortly after this, the nerve can be

observed lying in a sulcus within the cartilaginous

capsule which will eventually ossify and begin to

enclose the nerve forming the fallopian canal.

Initially, the terminal fibers of the facial nerve end

blindly in the mesenchyme of the second branchial

arch. The extratemporal branches tend to develop

from proximal to distal, when the cervicomandibular

region begins to enlarge. The posterior auricular

branch is the first to appear followed by the branch to

the posterior belly of the digastric muscle, both of

which are identifiable by the sixth week of gestation.

The upper and lower divisions separate early in the

eigth week. By the end of the eigth week, the temporal,

zygomatic, buccal, mandibular, and cervical branches

are apparent, although it should be noted that the

temporal portions are the last to appear.

The development of muscles and their innervating

branches are temporally related. The second branchial

arch gives rise to distinct collections of myoblasts
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around the seventh and eigth week that correspond to

the newly formed extratemporal facial nerve branches.

Analogous to the development of the facial nerve

branches, the more proximally innervated muscle

groups (cervicomandibular and occipital) develop

first. The superficial layer of the second arch mesen-

chyme separates to form laminae, from which facial

muscle groups evolve. The occipital, cervical, tempo-

ral, and mandibular laminae are formed first, with the

infraorbital lamina developing in the latter part of the

eigth week. These laminae rapidly differentiate over

the following weeks, such that all facial muscles are

identifiable in their respective positions by 12 weeks

gestational age.

The facial nerve forms more communications with

other nerves than any other cranial nerve. Around the

eigth week, a small branch arises from the geniculate

ganglion to join the glossopharyngeal nerve forming

a communication to the tympanic plexus. At the same

time, the auricular branch of the vagus nerve commu-

nicates with both the glossopharyngeal and facial

nerves. Branches of these three cranial nerves provide

sensory innervation to the external auditory canal. The

cutaneous branches of the second and third cervical

ganglia are the first to establish communication with

the extratemporal segments. The great auricular and

transverse cervical nerves communicate with the pos-

terior auricular and cervical branches of the facial

nerve in the seventh week. Following that, communi-

cations become apparent with the mental, infraorbital,

buccal, and auriculotemporal branches of the trigemi-

nal nerve. The majority of interconnections are made

by 12 weeks; however, several communications to the

trigeminal nerve in the periorbital region are made

around 4.5 months gestation.

Early in the eigth week, the parotid primordium,

which is unbranched, grows dorsally as an outgrowth

of the lateral oral cavity region. At this point, a small

branch overlies the developing parotid in the buccal

region. By the end of the eigth week, the gland enlarges

and rapidly divides into second- and third-order ductules

to reach the preauricular region. During this period of

expansion, the gland lies superficial to the lower buccal,

marginal mandibular, and cervical branches of the facial

nerve. Fourth-order ductules are formed at 10 weeks. At

this time, branches of the upper division of the nerve lie

superficial to the gland, while branches of the lower

division are deep to it. By the 12th week, the branching

patterns of the developing gland become increasingly
complex and the ductules begin to connect the superfi-

cial and deep portions of the gland by growing between

the branches of the facial nerve. This establishes the

complex relationship between the parotid gland and the

extratemporal facial nerve.

Ossification of the cartilaginous otic capsule begins

at 16 weeks and bone begins to enclose the nerve at

around 5 months. Dehiscences of the fallopian canal

are most commonly located adjacent to the oval win-

dow (Beddard and Saunders, 1962) and are not neces-

sarily an uncommon finding. Specter and Ge (1993)

examined the ossification patterns in the tympanic

segment in fetal and neonatal temporal bones and

concluded that fallopian canal dehiscence should be

regarded as a variant of normal development rather

than a congenital anomaly.

At roughly 14 weeks, the geniculate ganglion is

fully developed. By 16 weeks, all definitive communi-

cations of the facial nerve have been made. At birth,

the facial nerve exits a very superficially located

stylomastoid foramen leaving it more vulnerable to

injury due to absence of the mastoid process. Between

ages2 and 4, the mastoid process forms and the nerve

occupies its more protected adult position.

The external and middle ear develop at roughly the

same time as the facial nerve, which explains the

frequent coexistence of intratemporal anomalies of

the facial nerve with deformities of the external and

middle ear. In patients with congenital malformations,

the fetal age at which disruption occurred can often be

determined with knowledge of normal embryologic

development. If the course of the facial nerve is aber-

rant, its development was likely disrupted at the same

time as the development of the ear. Also,

malformations in other systems, most notably the

renal system, can suggest the presence of otologic

malformations because the two systems evolve con-

currently. Because of this, the otologic surgeon can

often predict the location of an aberrant facial nerve

in the presence of other malformations.

Sataloff (1990) emphasizes that knowledge of facial

nerve embryology must be integrated with the

embryologic development of other otologic structures.

To illustrate this point, the stapes begins to form at the

time of development of the horizontal segment of the

facial nerve. The time at which the stapes begins to form

and the position of the developing facial nerve at that

particular time determine whether the nerve will pass

above, below, or even through the stapes. Sataloff
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(2003) also describes a case of a 6-year-old boy with

microtia and atresia to illustrate the importance of

knowledge of facial nerve embryology. He reports that

the appearance of the auricle placed the time of disrup-

tion of normal development at around the eigth week.

Computed tomography revealed a hypoplastic middle

ear space and an absent external auditory canal. Based

on this information, the surgeon surmised that the verti-

cal portion of the facial nerve would course more ante-

rior, inferior, and superficial. His suspicions were

confirmed intraoperatively, and if adult relationships

had been utilized for surgical planning, the facial nerve

would have been at risk for injury during the course of

creating an external auditory canal and removing the

atresia plate. The nerve may bifurcate, trifurcate, or

take any number of different aberrant routes through

the temporal bone. Although rare, the possibility of an

aberrant facial nerve is always present. Knowledge of

facial nerve embryology can provide the otologic sur-

geon the information to accurately predict the course of

the nerve before surgery is undertaken.
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Synonyms

Facial nerve schwannoma; Facial neurilemmomas;

Facial neurinoma; Facial neuroma
Definition

Facial neuromas are rare benign tumors arising from

Schwann cells. They occur throughout the length of the

facial nerve from the cerebellopontine angle to its

distal branches but are most commonly found in the

perigeniculate area. Facial weakness is the most com-

mon clinical symptom.
Classification

Facial neuromas can be classified into intracranial,

intratemporal, extratemporal, or a combination of
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these. Less than 10% of facial neuromas occur

extratemporal (Forton et al. 1994).Most common loca-

tion of facial neuromas is along the perigeniculate

region (Dort 1991).
Facial Neuroma, Hemangioma, and Other Neoplasms,
Fig. 1 MRI of extratemporal facial neuroma, right parotid
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Clinical Presentation

Due to the close proximity of the facial nerve (CN VII)

to cochlear and vestibular nerves, the clinical picture

will largely depend on the location of the facial nerve

tumor and its compression of surrounding structures.

Facial neuromas limited to the cerebellopontine angle

and internal auditory canal (IAC) frequently mimic

acoustic neuromas (vestibular schwannomas) and

may be very difficult to distinguish clinically or radio-

graphically (Sherman et al. 2002).

Facial nerve dysfunction is the most common

presenting symptom, with facial nerve weakness

occurring in 75% of the patients (Lipkin 1984). Facial

twitching or spasms also occur frequently. Normal

facial nerve function as well as a sudden onset of

a facial paralysis has a reported incidence of up to

25% each. Facial nerve paralysis is much more often

seen in intratemporal facial neuroma due to earlier

compression of the nerve fibers within the narrow

fallopian canal. A facial neuroma should be considered

in the differential diagnosis in patients with “Bells

palsy” who do not show any signs of recovery

within 6months or if the paralysis recurs (O’Donoghue

et al. 1989).

Auditory-vestibular symptoms develop from com-

pression of the tumor along CN VIII or from involve-

ment of the middle or inner ear. Conductive or

sensorineural hearing loss, tinnitus, and dizziness

have been found as chief complaints in decreasing

incidence. Pain, otorrhea or masses in the ear canal

are more rare symptoms of neuromas involving the

intratemporal facial nerve (Lipkin et al. 1987).

Extratemporal facial neuromas usually present as

a painless parotid mass with normal facial function

(Balle 1984) (Fig. 1).

Clinical symptoms are seen early in tumors along

the meatal foramen due to its extremely narrow diam-

eter at the start of the fallopian canal.

Other tumors of the facial nerve, including benign

vascular tumors (hemangiomas and vascular

malformations), cholesteatomas, paragangliomas,

choristomas, metastatic lesions along the nerve
may lead to recurrent facial nerve paresis, often

with incomplete recovery between recurrences.
Radiological Findings

Intratemporal facial neuromas when diagnosed preop-

eratively should be imaged with Magnetic resonance

imaging (MRI) of the IAC and a high resolution

computer tomography.

MRI andHRCT scans each have their own strengths

in imaging facial neuromas based on their location,

i.e., within soft tissue versus bone. Due to the lack of

specific symptoms, the “optimal” scan may not always

available prior to surgery. An MRI scan will likely be

the only imaging modality available to a surgeon for

facial neuromas of the cerebellopontine angle.

Exclusively extratemporal facial neuromas are likely

imaged with either a contrasted CT of the parotid

region or an MRI. A fusiform mass along the course

of the nerve in the absence of other masses should raise

the suspicion for a facial neuroma.
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The HRCT scan is optimal for lesions originating in

or extending into the temporal bone. As these tumors

enlarge, involvement of the otic capsule along

the cochlea or the horizontal canals can be ruled out

preoperatively (Fig. 2). Facial neuromas within the

IAC may result in widening of the bony IAC.

A widened meatal foramen may be the only differen-

tiation compared to a vestibular schwannoma.

Intratemporal facial neuromas will enlarge the

fallopian canal as a smooth expansile mass. Tumor

involvement along the tympanic segment can lead to

opacification of the mastoid secondary to an attic block

as well as a conductive hearing loss. Poor aeration can

lead to chronic otitis media.

AnMRI scan may help in these cases differentiating

this tumor from a cholesteatoma, which is hypointense

on T1, isointense on T2, and diffusion restriction on

DWI weighted images. The T1-weighted MRI scan

shows a smooth, well delineated, usually isointense

(ranging from mildly hypo- to hyperintense) lesion

that enhances strongly with contrast. Smaller lesions

will frequently be more homogenous whereas larger

lesion can develop cystic areas leading to heterogene-

ity with contrast enhancement. Careful evaluation of

an IAC lesion should include an assessment of the

labyrinthine segment of the facial nerve. Enhancement

along the meatal foramen may be the only hint leading

to the diagnosis of a facial neuroma over a vestibular

schwannoma. Parasagittal reformatted images of the
IAC may assist localizing a facial neuroma in the

anterior superior quadrant.

Hemangiomas of the facial nerve may appear

hyperintense on T2 or FLAIR (Veillon et al. 2008)

and will markedly enhance with contrast. The fusiform

expansion may also suggest an intratemporal benign

vascular lesion rather than a schwannoma (Raghavan

et al. 2009).

When reviewing images in patients with a facial

neuroma one should note:

• Intracranial extension

• Most proximal and distal involved segments of the

facial nerve

• Intratemporal involvement

• Ossicles

• Otic capsule (cochlea, vestibule, semicircular

canals)
Histology

Facial neuromas are slow growing benign, encapsu-

lated tumors which typically originate from the outer

sheath, the epineurium. The tumor may grow longitu-

dinally along the fallopian canal and may involve more

than one segment of the nerve (Schuknecht) and clin-

ically present as multicentric. Facial nerve dysfunction

frequently will be caused by compression rather than

actual invasion. Histologically, they are identical to its
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much more common counterpart the vestibular

schwannoma with Antoni A or Antoni B cells.

Facial nerve hemangiomas are rare tumors, most

commonly located along the geniculate ganglion and

are thought to arise from a perigeniculate plexus

(Balkany et al. 1991). They are more likely to infiltrate

the facial nerve.
F

Electrophysiologic Testing

There is a redundancy of facial nerve fibers such that

the slow loss of axons over time may result in little to

no weakness until nearly 50% of fibers are affected.

Facial electroneurography (ENoG) can sometimes

detect subclinical levels of facial nerve involvement

preoperatively or if used to follow patients serially

over time (Kartush et al. 1986). ENoG is performed

by transcutaneous stimulation of the facial nerve near

the stylomastoid foramen with recording of the com-

pound muscle action potential (CMAP) responses near

orbicularis oris using surface electrodes. The ampli-

tude of the evoked CMAP is compared to the contra-

lateral side to obtain a percent difference. Obesity and

large parotid glands can affect the accuracy of testing

as does clinical experience. Therefore, up to 30% inter-

side differences are considered within normal limits.

Consequently, when ENoG reveals marked amplitude

reduction, e.g., 40–50%, it may indicate subclinical

neural degeneration. Patients with marked preopera-

tive ENoG abnormalities can be counseled that they

may have a higher chance of facial palsy and be made

aware of options including subtotal resection depen-

dent upon actual intraoperative findings.

ENoG can also be used to follow the course of

patients who either choose to defer treatment or do

not have their tumor resected at the time of surgical

exploration. In these cases, ENoG can be an adjunct to

observing growth on scans as well as clinical

symptoms.
Treatment

The treatment of benign facial nerve tumors remains

controversial. Twenty years ago some authors

recommended total resection of tumor including sacri-

fice of the nerve with grafting even for minimally

symptomatic patients (Dort 1991). The logic was that
nerve grafting of normally functioning nerves has

the best chance of recovery. Today, however, a more

conservative approach is frequently taken with decom-

pression, subtotal resections, stereotactic radiosurgery,

or watchful waiting.

Treatment of facial neuromas depends on location,

size, hearing, and the patient’s age as well as timing of

diagnosis, e.g., unexpected finding during surgery for

“chronic ear disease” or a “parotid tumor.” The sur-

geon has a wide range of treatment options to consider

and, if the diagnosis is suspected preoperatively, to

discuss with the patient:

– Resection with attempted nerve preservation

– Resection with nerve grafting

– Subtotal resection

– Decompression

– Diagnose, stop, and observe

– Diagnose and treat with stereotactic radiosurgery,

e.g., Gamma Knife

We classify facial neuromas as either “eccentric” or

“intrinsic” facial neuromas depending on the ability of

the surgeon to fully resect the tumor without

transecting the nerve itself. An intrinsic tumor will

grow inside the fascicles and is tightly adherent to the

nerve, making it impossible for the surgeon to remove

the tumor without losing facial nerve function. In these

cases, even a small “biopsy” may result in complete

facial paralysis. In contrast, eccentric tumors grow

peripherally along the nerve and have a much higher

chance of being separated from the majority of nerve

fibers. Neither the size nor any currently available

imaging modality allows prediction of the type of the

tumor in its relation to the nerve. Preoperative signs of

facial weakness or spasms increase the likelihood of an

intrinsic tumor if they are seen with small tumors in the

CPA or parotid area. Conversely, tumors originating in

the fallopian canal often cause early facial nerve symp-

toms due to compression – regardless of whether the

tumor is eccentric. They may also cause conductive

hearing loss, dizziness, and SNHL.

Clearly, patients with preoperative facial weakness

have a higher chance of postoperative paralysis. How-

ever, as noted above, slow tumor growth may result in

progressive subclinical degeneration of fibers that pre-

dispose the nerve to injury at the time of resection even

when using gentle microdissection techniques that

would not ordinarily traumatize a normal nerve. Con-

sequently, intraoperative facial nerve monitoring using

intramuscular needle electrodes to detect small
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amplitude responses is critical in resecting these neu-

romas in order to detect the earliest signs of neural

trauma.

Facial neuromas that occur in the IAC and CPA

may look identical to acoustic neuromas on MRI

scans. There are two telltale signs, however, that may

alert the surgeon to the possibility that the tumor is

actually of facial nerve origin: (1) facial neuromas tend

to be much more sensitive to even slight mechanical

trauma resulting in high frequency, sustained runs of

EMG “trains” and (2) “intrinsic” type neuromas

typically spread normal facial nerve fibers diffusely

around the tumor – thus, electric stimulation often

results in responses over a broad area of the tumor.

While intraoperative monitoring has become

accepted as a standard for acoustic tumor resection

(Acoustic Neuroma, NIH Consensus Statement

1991), unfortunately, most residency training pro-

grams do not have a formal curriculum for the techni-

cal and interpretive fundamentals of intraoperative

neurophysiologic testing. Many centers perform only

“passive” monitoring – i.e., rely only on listening for

EMG evidence of trauma (e.g., train and burst poten-

tials). Conversely, “active” monitoring entails fre-

quent, nearly continuous use of electrically triggered

EMG responses during tumor dissection that alert the

surgeon not just to injury but to nerve proximity and

nerve conductivity. Kartush Stimulating Instruments

(KSI) – allow simultaneous surgical dissection with

ongoing electrical stimulation (Kartush 1989) (Fig. 3).

Surgical treatment depends on the location of the

tumor and has to be tailored individually for each

case. Proper preoperative imaging (MRI and CT)

allows for accurate planning of the procedure espe-

cially with large tumors. If intraoperatively an unex-

pected facial neuroma is diagnosed, the risks versus

benefits of a biopsy should be carefully weighed.

Even a small biopsy might lead to a complete facial

paralysis in a clinically intact nerve, if subclinical

degeneration is present – the reduced number of func-

tioning nerve fibers may lie on the surface in the area

of the biopsy.

The approaches for tumors in the cerebellopontine

angle and the internal auditory canal will depend on the

patient’s preoperative hearing, age, health, and tumor

size. For hearing preservation, a retrosigmoid

approach or a middle cranial fossa approach (for

smaller tumors in the IAC) can be used. If hearing

preservation is of no concern a transtemporal
translabyrinthine route will allow for good exposure

with minimal brain retraction. Such an approach also

increases exposure should nerve grafting in the CPA be

needed. Resection and if possible grafting is indicated

for large tumors compressing the brain stem. Early

reanimation is recommended if grafting is impossible.

For tumors along the tympanic or vertical segment,

a transmastoid approach with opening of the facial

recess is used. Even with normal hearing, the incus

may need to be removed to increase exposure,

followed by ossicular chain reconstruction. If the

tumor appears to be eccentric a resection may be

attempted; conversely, intrinsic tumors may be widely

decompressed if facial function is normal. They are

then followed with scans, ENoG, and observance of

new symptoms. Tumor progression may prompt sub-

sequent surgical resection with grafting or

radiosurgery

Tumors of the parotid gland exclusively in the soft

tissue can frequently be followed for many years

because of the absence of constricting bone. The diag-

nosis is typically established by exploration for

a presumed benign tumor of the parotid gland – how-

ever, if facial nerve monitoring is used with frequent

electric stimulation, the surgeon may be alerted to

the possibility of a facial neuroma by obtaining

responses when the stimulator is placed on the tumor

as well as encountering hypersensitivity to mechanical

manipulation.

There has been controversy about timing and indi-

cations for surgery when a facial neuroma is known or

suspected – rather than encountered unexpectedly. For
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most patients with normal facial function, preserving

this function is paramount unless the tumor may be life

threatening, e.g., large CPA tumors – or eroding into

the labyrinth.

Due to the slow growth of these tumors, wide

decompression of an intratemporal tumor can allow

years or decades of normal facial function, as has

been the experience of the senior author over the last

25 years. If surgery is eventually needed and

performed before function worsens to a House

Brackmann Grade IV, resection and grafting typically

result in long-termGrade III function – nearly the same

as if resection were performed for a clinically intact

nerve (Fig. 4). Numerous factors can impact the final

outcome including age, diabetes, radiation, etc.

In contrast to conventional surgical treatment

options, stereotactic radiosurgery has been used on

some tumors with excellent facial function (HB1 and

2). In a review of a small series with six patients who

underwent Gamma Knife treatment in a single dose of

12 Gy, there was 100% tumor control. Pre and

posttreatment facial nerve function did not change

within the 26 months of median follow-up (Lunsford

2009). Long-term follow-up of patients treated with

radiosurgery is needed. There are rare reported cases of

other benign tumors undergoing radiosurgery that have

undergone malignant transformation.

Follow-up should include annual clinical exams,

and ENoG 6 after the diagnosis is made and if stable

yearly. In the early phase biyearly MRI scans for

known residual tumors or during times of observation
should be obtained. Any new onset of symptoms, such

as weakness or spasms should trigger an exam, repeat

ENoG and MRI. If facial nerve functions or symptoms

worsen the patient should be re-counseled about the

above stated options.

Facial reanimation procedures should be considered

if the facial nerve function did not return or a re-

anastomosis of the nerve at the time of the surgery

was not feasible. In all cases of facial palsy, assuring

corneal protection is crucial. Early gold weight eyelid

implantation should be considered for any patient in

whom lubrication is inadequate (Kartush et al. 1990).

Such a concern is increased when the facial nerve has

been involved proximal to the geniculate ganglion due

to lost greater superficial petrosal function with atten-

dant drying of the cornea.
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Synonyms

Palsy; Paresis
Definition

1. Paralysis: A general term most often used to

describe severe or complete loss of muscle strength

due to motor system disease anywhere along the

path from the cerebral cortex to the muscle fiber.

This term may also occasionally refer to a loss of

sensory function.

2. Paresis: A general term referring to a mild to mod-

erate degree of muscular weakness, occasionally

used as a synonym for paralysis (severe or complete

loss of motor function).
Basic Characteristics

Epidemiology

Facial paralysis overall is a rare clinical problem

affecting 20–32 per 100,000 in the general population

annually (Peitersen 2002; Rowlands et al. 2002). In

children, it is even more rare as it is found 2–10 times

less frequently in the pediatric population (Rowlands

et al. 2002; El-Hawrani et al. 2005). Facial paralysis in

the pediatric population appears to have a bimodal

distribution with infectious etiologies accounting for
the palsy in younger children aged 1–3 years and

trauma in older patients aged 8–12 years (Evans et al.

2005). While Bell’s palsy, or idiopathic facial nerve

paralysis, is the most common diagnosis in adults, in

a majority of children presenting with a paralyzed face,

the palsy is secondary to an identifiable diagnosis.

Thus, prompt evaluation to identify the underlying

etiology to provide treatment when appropriate is crit-

ical when caring for children with facial paralysis

(Shargorodsky et al. 2010).

Anatomy

The facial nerve is the VIIth cranial nerve (CN) and

provides both sensory and motor function to the areas

of the face, head, and neck. The facial nerve is partic-

ularly at risk of injury secondary to head trauma and

infection as it has the longest intraosseous course of

any cranial nerve. Upon exiting the brainstem at the

cerebellopontine angle anterior to the vestibulo-

cochlear nerve (the VIIIth CN), it is joined by the

nervus intermedius (nerve of Wrisberg). The fibers

originating from the nervus intermedius provide the

secretomotor function to the lacrimal and salivary

glands as well as the gustatory function to the oral

tongue.

The intraosseous course of CN VII has four seg-

ments within the temporal bone: meatal, labyrinthine,

tympanic (horizontal), and mastoid (vertical) (Fig. 1,

reprinted with permission from KK Adour). CN VII

enters the porus acousticus and travels with CN VIII

and nervus intermedius in the internal auditory canal

(IAC) to comprise the meatal segment. Laterally in the

IAC near the fundus, CN VII incorporates nervus

intermedius within its sheath. Subsequently, they

diverge from the cochlear and vestibular nerves to

enter the Fallopian canal at the meatal foramen mark-

ing the beginning of the labyrinthine segment. The

meatal foramen is the narrowest portion of the

Fallopian canal measuring 0.61–0.68 mm and is

accepted to be the site of nerve compression account-

ing for facial palsy secondary to inflammatory condi-

tions (Ge and Spector 1981; Eicher et al. 1990). Near

the midpoint of the short labyrinthine segment, the

nerve takes a sharp 75� turn backward at the geniculate
ganglion. At this first intratemporal genu, the greater

superficial petrosal nerve exits anteriorly to travel to

and supply secretomotor function to the lacrimal

gland. Following the first genu, the nerve then travels

posteriorly and horizontally along the medial wall of

http://dx.doi.org/10.1007/978-3-642-23499-6_365
http://dx.doi.org/10.1007/978-3-642-23499-6_612
http://dx.doi.org/10.1007/978-3-642-23499-6_361
http://dx.doi.org/10.1007/978-3-642-23499-6_664
http://dx.doi.org/10.1007/978-3-642-23499-6_664
http://dx.doi.org/10.1007/978-3-642-23499-6_100765
http://dx.doi.org/10.1007/978-3-642-23499-6_100790
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the mesotympanum in the tympanic segment until it

makes its second intratemporal genu to the vertical

mastoid segment. From the mastoid segment,

a branch emerges from the main trunk to supply

motor innervation to the stapedius muscle and inferior

to this, the chorda tympani nerve arises to course

through the middle ear space and provides

secretomotor function to the submandibular and sub-

lingual salivary glands as well a taste to the anterior

two thirds of the tongue. The mastoid segment termi-

nates at the stylomastoid foramen where it exits its

intraosseous course and goes on to innervate the facial

musculature.

Due to the functions of the three intratemporal

branches of facial nerve, in some cases the location

of injury can be determined or narrowed down by the

patients’ symptoms and/or results of stapedial reflex

testing. Thus, the care provider should assess for

decreased lacrimal, salivary, and gustatory function

as well as hyperacusis when evaluating a patient with

facial nerve palsy. In addition, based on the manner in

which the motor fibers of the facial nerve cross in at the

level of the brainstem, the lower half of the face is
controlled solely by the contralateral motor cortex

while the upper half receives input from both sides.

Therefore, a unilateral palsy that spares the forehead

suggests a contralateral central lesion and should be

evaluated with intracranial imaging of the central ner-

vous system.

Clinical Presentation

Facial nerve dysfunction in children most commonly

presents with rapid onset of partial or complete paral-

ysis of the face and is most easily noted by decreased

forehead movement, incomplete eye closure, or

pulling of the oral commissure on the affected side

to the unaffected side. As infants cannot respond to

display these findings on command, observation of

grimacing while crying provides an opportunity to

determine facial nerve function in the extreme

young patient. In most cases, the facial paralysis

with or without associated lacrimal, salivary, or gus-

tatory dysfunction or hyperacusis as noted above are

the only symptoms. However, patients can also pre-

sent with facial numbness, fever, headache, sore

throat, and neck stiffness (J€a€amaa et al. 2003). Also
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in most cases, the palsy presents only on one side.

Cases of acquired bilateral facial nerve palsy would

most likely suggest Lyme disease (Cook et al. 1997).

However, sarcoidosis can also present with bilateral

facial paralysis (Teller and Murphy 1992).

When evaluating children with congenital facial

paralysis, careful observation should be made to

note general dysmorphic features and/or other cranial

nerve neuropathies as these children may have

an associated syndrome (Carr et al. 1997; Gorlin

et al. 1990).

Diagnostics and Tests

As with other conditions that brings a patient to see an

otolaryngologist, a key to making the correct diagnosis

is obtaining a good history and performing an accurate

physical examination. As mentioned earlier in this

entry, because a majority of children presenting with

facial paralysis have an underlying diagnosis that has

led to the symptom of palsy, prompt evaluation and

treatment of the underlying etiology is critical in the

pediatric population.

Review of the history should be directed at the

timing of onset, duration of symptoms, rate of progres-

sion, previous occurrences, and presence of other

symptoms or systemic illnesses. Particular note should

be made of any history of tick bites or risk of bites

based on recent activity and travel. It should be deter-

mined if the patient is immunocompromised due to

HIV infection or immunosuppression, or has diabetes

mellitus. If the patient is a newborn or if the symptoms

were present at birth, one should elicit a birth history to

determine if there was prolonged labor, birth weight

greater than 3,500 g, use of forceps, or if any facial

ecchymosis was noted after delivery (Harris et al.

1983).

The physical exam should include a detailed evalu-

ation of lower and upper facial motion, complete oto-

logical examination including the attention to the

concha, external ear canal, mastoid, tympanic mem-

brane, middle ear, as well as pneumatic otoscopy and

tuning fork exam if the patient is able to comply.

A complete cranial nerve exam should be performed.

The exam should also include inspection of the oral

cavity, specifically for a fissured tongue suggesting

Melkersson-Rosenthal syndrome, as well as palpation

of the parotid gland and neck for masses. In addition,

the skin of the extremities should be evaluated for

rashes suggestive of Lyme disease.
All children presenting with facial paralysis should

receive an audiogram and tympanogram. Patients with

a history of chronic otitis media, cholesteatoma, pre-

vious otologic surgery, temporal bone trauma, or phys-

ical exam findings revealing a middle ear mass, acute

otitis media, or acute mastoiditis should undergo imag-

ing with a temporal bone computed tomogram (CT).

All other patients, especially those who demonstrate

other cranial nerve neuropathies, other neurological

symptoms, and lower facial paralysis with normal

forehead motion or a parotid mass should undergo

imaging with a Magnetic Resonance Imaging (MRI)

with and without contrast (Shargorodsky et al. 2010).

While mild leukocytosis can be noted due to asso-

ciated viral infection, this does not provide specific

diagnostic information, and the value of laboratory

testing in children with facial palsy is limited mainly

to patients at risk or suspected to have Lyme disease. In

patients who live in or have recently traveled to Lyme

disease endemic areas, or those who present with

a rash, serological testing for B. burgdorferi should
be performed (Nigrovic et al. 2008). The added value

of lumbar puncture (LP) with evaluation of cerebro-

spinal fluid for elevated mononuclear cells and anti-

bodies to B. burgdorferi is controversial. The current

recommendations by the American Academy of Pedi-

atrics is that LP is not routinely performed in children

with Lyme-associated facial paralysis unless they have

overt clinical symptoms of meningitis (Pickering et al.

2009).

As with adults, the severity of facial nerve palsy is

most commonly determined using the House

Brackmann (HB) facial nerve grading scale (Table 1,

adapted from House and Brackmann 1985). For

patients with complete paralysis (House Brackmann

grade VI), electroneuronography (ENoG) should be

performed after sufficient time is allowed for

Wallerian degeneration (3–5 days). The diagnostic

value of ENoG diminishes with prolonged paralysis.

Based on this, ENoG is most useful as a prognostic

indicator when obtained 6–14 days after the onset of

complete paralysis (Gantz et al. 1999). The results of

the ENoG are coupled with electromyography (EMG).

Based on outcomes of facial nerve recovery, patients

who demonstrate >90% degeneration on ENoG with

no motor potential units on EMG are recommended to

undergo surgical decompression of the nerve to

achieve improved functional recovery (Gantz et al.

1999).
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facial nerve grading scale (Adapted from House and Brackmann

1985)

Grade

Degree of

dysfunction Characteristics

I Normal Normal function all areas

II Slight Appearance: slight weakness noticeable

close inspection; my have very slight

synkinesis

At rest: normal symmetry and tone

Forehead motion: moderate to good

Eyelid closure: complete with minimal

effort

Mouth motion: slight asymmetry

III Moderate Appearance: obvious but not disfiguring

weakness between the 2 sides;

noticeable but not severe synkinesis,

contracture and/or hemifacial spasm

At rest: normal symmetry and tone

Forehead motion: slight to moderate

movement

Eyelid closure: complete with effort

Mouth motion: slightly weak with

maximal effort

IV Moderately

severe

Appearance: obvious weakness and/or

disfiguring asymmetry

At rest: normal symmetry and tone

Forehead motion: none

Eyelid closure: incomplete

Mouth motion: asymmetric with

maximal effort

V Severe Appearance: only barely perceptible

motion

At rest: asymmetric

Forehead motion: none

Eyelid closure: incomplete

Mouth motion: slight movement

VI Total No facial function
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Differential Diagnosis

Congenital Facial Nerve Paralysis

Congenital facial nerve paralysis occurs in 2.1 per

1,000 children and in most cases, up to 90%, results

from birth trauma (Falco and Eriksson 1990). Facial

palsy at birth due to trauma is associated with prolonged

labor, birthweight greater than 3,500 g, and use of for-

ceps in delivery. When facial paralysis at birth is asso-

ciated with craniofacial or other anomalies, one must

consider that the palsy is part of a genetic syndrome

(Lorch and Teach 2010). Intermittent facial paralysis

with a fissured tongue is classically associated with

Melkersson-Rosenthal syndrome, which also includes

facial swelling. In patients with this syndrome,
permanent facial paralysis can develop in 30–50%

(Greene and Rogers 1989). Patients with Goldenhar

syndrome have hemifacial microsomia associated with

their facial palsy, which in most cases, is unilateral and

right sided (Jones 2006). PatientswithMobius syndrome

have bilateral congenital facial paralysis and often have

dysfunction of other cranial nerves. Bilateral facial

paralysis can also be seen in Osteopetrosis or Albers-

Schonberg disease. This is a genetic disorder in which

the facial palsy is delayed and progressive as bony

overgrowth of at the stylomastoid foramen results in

impingement of the facial nerve. Other syndromes that

can include facial palsy include DiGeorge syndrome,

CHARGE association, and Poland syndrome.

Acquired Facial Nerve Paralysis

In children, more than one third of acquired facial

nerve paralysis is due to infectious etiologies, of

which, Lyme disease is the most common in children.

Up to 50% of the cases of facial palsy in children living

in endemic areas can be attributed to Lyme disease

(Cook et al. 1997; J€a€amaa et al. 2003). Infection with

Herpes Simplex Virus (HSV) is another common etiol-

ogy for acquired facial nerve paralysis in children

accounting for the palsy in a majority of children

who are seronegative for Lyme disease. While less

common than HSV, Vericella Zoster Virus (VZV) can
cause facial paralysis in an infected child. Infection

with VZV leading to facial paralysis is also known as

Ramsay Hunt syndrome or Zoster Oticus and may or

may not present with the classic vesicular lesions in the

ear canal and concha. In the absence of these lesions,

the diagnosis can be confirmed by identifying the virus

in serum or the saliva of the patient. Infection from

other viruses such as herpes, mumps, coxsackie, and

adenovirus can also cause facial nerve palsy.

Due to antibiotics, complications of acute otitis

media (AOM), including facial paralysis have dramat-

ically decreased in recent decades. Currently, only

0.005% of patients with AOM develop a facial palsy

(Ellefsen and Bonding 1996). The exact pathophysiol-

ogy of AOM leading to facial paralysis is unclear and

hypotheses range from retrograde infection via the

chorda tympani nerve, contact with bacterial toxins,

to erosion of the fallopian canal. A recent case of

unilateral facial palsy was presented in a child with

acute otitis media and a facial nerve that was dehiscent

in the tympanic segment seen on a temporal bone CT

(Fig. 2). Regardless of whether there is direct contact



Facial Paralysis in Children, Fig. 2 Axial (a) and coronal

(b and c) slices of high-resolution temporal bone CT of

patient who presented with acute otitis media and left

unilateral HB grade VI facial palsy. White arrows point

to Fallopian canal and scan shows areas of facial nerve

dehiscence
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of purulent fluid with the nerve sheath, the underlying

cause of the nerve dysfunction secondary to infection

is likely due to an inflammatory process.

Facial palsy in children can also result from trauma

to the face or temporal bone. A recent review of

patients presenting with facial palsy at a children’s

hospital revealed a bimodal distribution in terms of

age with peaks at 2.4 years and 8.6 years of age

(Evans et al. 2005). Interestingly, in this series, while

the overall numbers were small, the number of girls

presenting with facial palsy was more than twice the

number of boys. The trauma can also be iatrogenic
during otologic surgery. Fortunately, in a recent review

of cases of facial palsy in children, three cases were

identified to result after otologic surgery and in all

three cases, the patients recovered function (Evans

et al. 2005).

When a facial palsy in a child is gradual and progres-

sive, cholesteatoma should be considered at the top of

the differential diagnosis as it is the most common

neoplastic etiology in children (Jackson and Doersten

1999). In children, while neoplasms in general are less

common than in adults, when they are present, one must

consider malignancies. A review of patients presenting

to a children’s hospital with idiopathic facial palsy

reported that 12% had malignancies such as leukemia,

astrocytoma, and rhabdomyosarcoma (Grundfast et al.

1990). In addition, although rare, onemust also consider

the benign neoplasms that are more often the underlying

etiologies for facial palsies in adults: facial nerve
schwannomas, vestibular schwannomas, and meningio-

mas (Shargorodsky et al. 2010).

While Bell’s palsy or idiopathic facial nerve palsy is
relatively more common in adults, it is rare in children

and accounts for as low as 9% of cases in the pediatric

population (Evans et al. 2005). Another rare etiology

for facial paralysis in children is hypertension.

A review of cases at a pediatric hospital revealed that

8% of children with acquired facial palsy were attrib-

utable to hypertension (Lloyd et al. 1966).

Considering that a majority of cases of facial palsy

in children can be attributed to an underlying diagno-

sis, the physician evaluating these patients must care-

fully review the history and findings to arrive at the

correct or likely diagnosis so that proper treatment can

be initiated. An algorithm for diagnosing the etiology

of facial nerve palsy in children has been proposed by

Lorch and Teach and is shown in Fig. 3.



Forehead musculature affected by palsy?

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
No

No

No

No

No

No

No

No

No

No

LIKELY CENTRAL LESION
Immediate imageing, evaluation for stroke

Forceps, facial ecchymoses, >3500g,
absence of physical anomalies?

CONSIDER SYNDROMIC CAUSE

LIKELY BIRTH TRAUMA

LIKELY TRAUMATIC CAUSE
Image temporal bone

TREAT OM, EVALUATE FOR MASTOIDITIS
Likely Myringotomy

RAMSAY HUNT SYNDROME OR HSV
Treat with antiviral

LYME DISEASE
Send Lyme titers, consider LP,
treat with antibiotics

MELKERSSON ROSENTHAL SYNDROME

HYPERTENSION
Evaluate renal function, Treat hypertension

EVALUATE FOR MALIGNANCY

Palsy present at birth?

History of trauma?

Exam consistent with otitis media?

Vesicular lesions on auricle?

History of tick bite or erythema
chronicum migrans rash?

History of prior episodes,
facial swelling, fissured tongue?

Hypertensive?

Present > 6 months, recurrent,
other neuropathies?

POSSIBLE BELL’S PALSY
Consider viral or Lyme titers,
Consider steroid and antiviral treatment

Facial Paralysis in Children, Fig. 3 Algorithm for diagnosis of facial palsy in children (Reprinted with permission from Lorch and

Teach 2010)
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Treatment

In general, as with adults, eye care is critical in cases

where closure is incomplete, in order to prevent kera-

titis and compromise of vision. This includes the use of

saline eye drops during the day and ophthalmic oint-

ment at night while the child sleeps. If an eye patch or

taping of the eyelid is used, it must be done with great

care to prevent the inadvertent opening of the eyelid

under the patch that can lead to corneal injury. In cases

of permanent facial nerve dysfunction, a gold weight

implant can be considered.

In any case of facial paralysis where the underlying

etiology is identified, it obviously should be addressed.

When the cause is infectious in nature, antimicrobial or

antiviral therapy should be initiated as soon as possible.

Any patient with a history of living in or visiting a Lyme

endemic area should be started on empiric therapy,

particularly during peak season of Lyme disease which

is late spring through summer (Nigrovic et al. 2008).

Current recommendations are for oral doxycycline

or amoxicillin for 21–28 days (Pickering et al. 2009).

Patients with AOM and facial palsy should be ini-

tiated on IV antibiotics and surgical management dic-

tated by the finding on temporal bone CT scan. If the

child simply has otitis media with or without

a dehiscent facial nerve, he should undergo

myringotomy and tympanostomy tube placement

with postoperative administration of antibiotic ear

drops containing a steroid such as Ciprofloxacin/

Hydrocortisone. A culture of the middle ear fluid

should be obtained to ensure appropriate antibiotic

therapy is being administered. If the CT scan shows

coalescent mastoiditis or cholesteatoma, the family

should be counseled and a mastoidectomy performed.

The treatment for Bell’s palsy and Ramsay Hunt

disease or zoster oticus with antiviral agents and oral

steroids has been a subject of much controversy and

varying results from different studies. The results of

many of these studies are summarized in two recent

reviews (Shargorodsky et al. 2010; Lorch and Teach

2010). Based on review of the current literature, the

author recommends the use of oral steroids in any child

with a severe facial nerve dysfunction (HB grade V or

VI) and the addition of an antiviral agent if herpetic

lesions are present in the external ear, face, or oral cavity.

If a child presents or develops complete facial paral-

ysis (HB grade VI), ENoG and EMG can direct the

need for surgical management and help determine

prognosis. Based on known neuropathology after
complete transection, degeneration of the distal axon

takes up to 5 days post-injury. Delayed progression to

complete paralysis after 14 days of the onset of symp-

toms has been shown to have good return of function

without surgical intervention (Fisch 1984). Thus, the

use of ENoG and EMG physiological testing has most

prognostic value when performed 6–14 days post-

injury. Surgical decompression is recommended

when the paralyzed side shows >90% degeneration

on ENoG compared to the contralateral normally func-

tioning side and when the EMG shows no motor poten-

tial units (Gantz et al. 1999).

Prognosis

The likelihood of recovery from facial nerve paralysis

in children overall is very good. However, it can vary

depending on the etiology of the palsy. In cases of

blunt trauma either due to birth or other causes later

in life, prognosis for spontaneous recovery is good

with 80–90% of patient having return of function,

and often within 1 month of injury (Smith et al. 1981;

Guerrissi 1997). Children with acute otitis media and

facial paralysis who underwent myringotomy and

tympanostomy tube placement with subsequent antibi-

otic and steroid treatment have excellent recovery.

A recent study showed that around 80% recovered to

a HB grade I and 100% recovered to a HB grade II or

better (Evans et al. 2005). In the case of patients with

complete paralysis (HB grade VI) and ENoG showing

>90% degeneration and no motor unit potentials on

EMG within 2 weeks of onset, greater than 90% of

patients who underwent surgical decompression recov-

ered to a HB grade I or II, whereas only 42% of patients

achieved the same outcome if treated with steroids

alone (Gantz et al. 1999).
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Facial Paresis

▶ Idiopathic Facial Nerve Paralysis, Medical and

Surgical Management
Facial Recess

Brian J. McKinnon

Department of Otolaryngology-Head and Neck

Surgery, Georgia Health Sciences University,

Augusta, GA, USA

Definition

An anatomic area bounded by the facial nerve, chorda

tympani nerve, and the incus buttress.
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▶ Posterior Tympanotomy
Facioauriculovertebral Dysplasia

▶Hemifacial Microsomia
Facioauriculovertebral Malformation
Complex

▶Hemifacial Microsomia
Failed Extubation in NICU

Sunita Pereira

Division of Newborn Medicine, Department of

Pediatrics, Tufts Medical Center, Boston, MA, USA
Definitions

1. Extreme Low Birth Weight (ELBW): Newborn

infants weighing less than 1,000 g at birth

2. Bronchopulmonary Dysplasia (BPD): is a form of

chronic lung disease that develops in preterm neo-

nates treated with oxygen and positive pressure

ventilation (PPV) and involves a continuum of

inflammation and repair.

3. Patent Ductus Arteriosus (PDA): a condition in

which there is a persistent communication

between the descending thoracic aorta and the

pulmonary artery

4. Ventilator-Associated Pneumonia (VAP): is

a subtype of hospital-acquired pneumonia which

occurs in newborns who are receiving mechanical

ventilation

5. Tracheoesophageal Fistula (TEF): is an abnormal

connection (fistula) between the esophagus and the

trachea

6. Tracheostomy is a surgical procedure to create an

opening through the neck into the trachea
7. Spontaneous Breath Test (SBT): Extubation Read-

iness test where the newborn is placed on CPAP

through the endotracheal tube and allowed to

breathe spontaneously with the help of pressure

support for 15–30 min

8. Continuous Positive Airway Pressure (CPAP):

A ventilatory treatment that uses mild airway pres-

sure to keep airway open

9. Noninvasive Intermittent Positive Pressure Venti-

lation (NIPPV): ventilation through the nasal pas-

sages without intubation of trachea

10. Direct Laryngo Bronchscopy (DLB): A procedure

to visualize the larynx and bronchi done under

inhalation anesthesia in a spontaneously breathing

infant
Introduction

Extubation failure of is defined as re-intubation within

72 h of an extubation attempt in mechanically venti-

lated infants and neonates (Kamlin et al. 2006). Lim-

iting the time on the ventilator is one of the primary

goals of neonatal intensive care. Early extubation

reduces neonatal morbidity and mortality related to

barotrauma, volutrauma, oxidant stress, bacterial col-

onization, sepsis, and bronchopulmonary dysplasia

(BPD). Neonates are generally extubated once the

underlying causes for intubation and mechanical ven-

tilation have resolved. Extubation failure occurs in

22–40% of premature neonates and 16.3% of infants

and children (Kamlin et al. 2006). Although several

variables that predict successful extubation in adults

have been validated and published, similar data in

neonates and children are limited. In this entry, the

pathogenesis of extubation failure, current status of

knowledge with regards to assessment of readiness

for extubation, and strategies to improve successful

extubation will be discussed. The role of a pediatric

otolaryngologist in cases of extubation failure will be

enumerated and illustrated.

The decision to extubate is usually based on clinical

assessment, blood gas results, and ventilator settings.

However, up to 40% of infants weighing�1,000 g who

are extubated based on these criteria require

re-intubation (Stefanescu et al. 2003). The most com-

mon causes of re-intubation are atelectasis, apnea,

patent ductus arteriosus (PDA), BPD, subglottic steno-

sis, ventilator-associated pneumonia (VAP), and

http://dx.doi.org/10.1007/978-3-642-23499-6_200094
http://dx.doi.org/10.1007/978-3-642-23499-6_263
http://dx.doi.org/10.1007/978-3-642-23499-6_263
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muscle atrophy from prolonged ventilation

(Greenough and Prendergast 2008). Failure of

extubation may be related to the presence of associated

comorbidities such as neurologic and musculoskeletal

pathology, and chromosomal, craniofacial, aero diges-

tive, or cardiac anomalies (Ward et al. 1995). Laryn-

geal nerve injury following tracheoesophageal fistula

(TEF) repair or Phrenic nerve injury following chest

tube placement or cardiac surgery may interfere with

a successful extubation in a newborn (Guillemaud

et al. 2007). In many cases, a tracheostomy is required

for prolonged ventilatory support or for upper airway

obstruction. However, with improved NICU care,

tracheostomies are less often performed for airway

obstruction and more often needed for prolonged ven-

tilator assistance due to BPD or other comorbidities

(Ward et al. 1995). Failure of extubation is relatively

common in the NICU and sometimes avoidable.

Assessment of Readiness to Extubate

Discontinuation of mechanical ventilation is generally

successful if the neonate has adequate capacity to

sustain spontaneous breathing without undue effort

and adequate gas exchange. This is possible if there

is normal respiratory drive and respiratory muscle

strength, and the absence of excessive load on the

respiratory muscles due to underlying lung disease,

airway abnormality, or chest wall compliance

(Greenough and Prendergast 2008). Clinical assess-

ment for readiness to wean off mechanical ventilation

is made daily in the NICU. However, as yet there are

no reliable objective tools that could enhance this

assessment. Measurement of pulmonary function

tests (PFT) in neonates is not practical, technically

difficult, and less informative than in children and

adults (Kamlin et al. 2006). In neonates, breath-to-

breath variability in respiratory mechanics and ventila-

tor-related issues lead to inconsistent measurements.

Calculated total respiratory compliance, spontaneous

minute ventilation, and spontaneous expiratory tidal vol-

umes show variable results as predictors of extubation

failure and need to be validated in larger studies

(Greenough and Prendergast 2008). Unlike adults,

a trial of spontaneous breathing for 3 min on endotra-

cheal CPAP (Spontaneous Breathing trial, SBT) has not

proven to be beneficial, may lead to muscle fatigue, and

needs to be validated in larger studies.

The graphics on newer ventilators with built-in air

flow sensors provide a wealth of information on
expiratory tidal volume (VTE), minute ventilation, air

flow, airway resistance, airway pressure, and pressure

and flow volume loops of spontaneous and supported

breaths. These measurements display in real time the

infant’s spontaneous respiratory drive, change in respi-

ratory compliance, and the interplay of the respirator

and the infant. Improved understanding and interpre-

tation of data from real-time ventilator graphics will be

necessary to further decrease extubation failures in the

NICU. This tool is underutilized in the NICU.
Etiopathogenesis of Delayed or Failed
Extubations in the NICU

The possible etiologies associated with failed

extubation attempts is summarized in Table 1 (modi-

fied from Prendergast and Greenough) (Greenough and

Prendergast 2008). Recurrent extubation failure is

most often a problem of extreme prematurity caused

by abnormal respiratory load due to underlying lung

disease, diminished respiratory drive, inadequate dia-

phragmatic muscle strength, and occasionally

increased airway resistance. Prolonged intubation,

repeated extubation and re-intubation cycles, use of

larger endotracheal tubes, and the unique anatomy of

the newborn trachea place the baby at risk for

subglottic edema, stenosis, or cyst formation (Dankle

et al. 1987; da Silva 1996). A pediatric otolaryngolo-

gist is consulted when potential airway injury as man-

ifest by increased airway resistance is suspected or

when prolonged ventilation is required due to lung

pathology or neuromuscular issues. Adjuvant therapies

are used routinely and sometimes concurrently in the

neonatal intensive care nursery to improve pulmonary

function and extubation success.
Adjuvant Therapies to Improve Successful
Extubation

Timely extubation of the NICU patient decreases

respiratory and other related morbidities reduce venti-

lator-associated pneumonia (VAP), length of stay, and

cost of care. Extubation to noninvasive means of respi-

ratory support is essential to reduce morbidity of BPD

and associated adverse neurologic outcomes. ELBW

infants who fail extubation due to poor pulmonary

function may need multiple adjuvant therapies to



Failed Extubation in NICU, Table 1 Etiopathogenesis of failed extubations in the NICU patients

Abnormal respiratory

load

Inadequate

respiratory drive

Inadequate respiratory muscle

strength Increased airway resistance

Residual lung disease,

BPD, atelectasis

Gastroesophageal

Reflux (GERD) related

lung injury

Prematurity Prematurity;

Disuse atrophy from prolonged

ventilation

Choanal stenosis/atresia

Epignathus

Retropharyngeal mass glossoptosis

PDA Hypercapnia Hypochloremia, hypokalemia

Due to diuretic therapy

Subglottic stenosis

Vocal cord paralysis: traumatic, S/P PDA ligation or

S/P TEF repair

Traumatic avulsion of vocal fold

Pneumonia Sedation Prolonged use neuromuscular

blocking agents

Vascular rings around trachea

Mediastinal mass compressing trachea

Severe edema of chest

wall

Intracranial

Pathology

Neurolomuscular disorders laryngeal web: congenital

Pleural effusion Diaphragmatic dysfunction/

Phrenic nerve palsy

Laryngo/trachea/bronchomalacia

Primary or associated with other anomalies

including esophageal atresia or cardiac anomalies

Modified from Greenough and Prendergast (2008)

Failed Extubation in NICU, Table 2 Adjuvant treatments to

improve extubation success

Strategies to decrease respiratory load

1. CPAP/SNIPPV

2. Diuretics/bronchodilators/inhaled steroids (BPD)

3. Diagnosis and treatment of symptomatic PDA(PDA)

4. Prevention of ventilator-associated pneumonia (VAP)

5. Chest physiotherapy

Strategies to improve respiratory drive

1. Caffeine

2. Doxapram

3. SNIPPV/CPAP

4. Avoidance/timely Weaning of sedation and paralysis

Strategies to improve respiratory muscle strength

1. Patient triggered ventilation

2. Correction of hypokalemia and hypochloremia due to

diuretics

3. Avoidance of neuromuscular blocking agents

4. Diagnosis and treatment diaphragmatic paralysis

Strategies to diagnose and treat Upper airway obstruction

1. Ventilator graphics

2. ENT evaluation

3. Airway Dexamethasone

4. Others evaluations

Modified from Greenough and Prendergast (2008)
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enhance the chances of a successful extubation before

a tracheostomy is considered. Strategies to decrease

pulmonary load, reduce muscle fatigue, improve mus-

cle strength, and improve respiratory drive (Table 2)

should be employed before an otolaryngologist is

consulted to evaluate for airway obstruction or need

for tracheostomy.

Strategies to Decrease Respiratory Load

• Ventilation Strategies. Patient triggered ventilation

(PTV) strategies such as assist control ventilation

(ACV) that supports every spontaneous breath or

synchronized intermittent mandatory ventilation

(SIMV) where the mandatory breaths are synchro-

nized to neonatal breathing have increased the suc-

cess of extubation and decreased duration of

ventilation in ELBW infants recovering from respi-

ratory complications. Pressure or volume support

added to SIMV or AC, in the recovery phase of

respiratory distress syndrome, facilitates weaning

to minimal settings before extubation (Greenough

and Prendergast 2008) by improving diaphragmatic

fitness. In volume targeted (VT) ventilation mode,

the ventilator responds to changes in respiratory



Failed Extubation in NICU, Table 3 VAP bundle at Tufts

Medical Center NICU

1. Head end of the bed elevated 15–30�

a. Assist with prevention of aspiration of gastric contents

b. Encourage full expansion of lungs

2. Daily assessment of readiness to wean

a. Proven to improve likelihood of weaning off ventilator

3. Sterile intubation, limit number of attempts at intubation and

unplanned extubations

a. Reduces chances of introducing pathogens into the

respiratory tract

4. Limit hyperoxia

a. Use of 100% oxygen produces oxidative damage that has

been linked to endotracheal infection and septicemia

b. Blended oxygen in the delivery room and during transport

c. Strict oxygen policy in the NICU

5. Oral care with sterile water or Colostrum

a. Decrease oral colonization with pathogenic bacteria
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compliance such that the preset targeted volume can

be delivered at lower pressures as compliance

improves. However, if targeted volume is set

lower than 6 ml/kg during the weaning process,

excess work of breathing may lead to muscle

fatigue. Further work needs to be done to determine

which of these modes is superior for weaning off the

ventilator and reducing diaphragmatic muscle

fatigue while protecting the lung from injury.

• Optimizing Pulmonary Function. Intubation and

assisted ventilation in premature or term newborns

is associated with lung injury, oxidant stress, and

resultant inflammatory pulmonary edema which

may begin as early as 24 h after intubation. Further-

more, when total body and lung water increases,

lung compliance decreases. Fluid restriction, use

of diuretics along with aggressive nutrition, abro-

gates this inflammatory edema. Late, targeted use of

systemic steroids in ELBW infants who are venti-

lator dependent may be considered to improve

extubation success, but only if current AAP guide-

lines are followed (Halliday 2010). Neonates with

BPD may have airway hyperreactivity and smooth

muscle hypertrophy and may respond to broncho-

dilators. Beta-agonists and anticholinergics can

improve lung function in ventilator-dependent

ELBW infants and have been used alone or in

combination in such patients with variable results.

Bronchodilators improve pulmonary function by

reducing reversible airway obstruction and increas-

ing airway conductance in ELBW infants studied at

32–44 weeks post conception. However, 15% of

infants demonstrate paradoxical effects and actu-

ally increase airway resistance, due to loss of intrin-

sic smooth muscle tone and dynamic compression

of the small airways during expiration. Treatment

with bronchodilators therefore should be individu-

alized and clinical outcome measures established.

Treatment of gastroesophageal reflux disease

(GERD) to reduce recurrent aspirations and

lung injury should be instituted after obtaining

objective evidence of severe GERD and aspiration.

Other factors which may play a role in extubation

success or failure are cardiac function, presence

or absence of pulmonary hypertension, neurologic

disabilities, and nutritional status. Each patient

should be assessed systematically for these issues.
• Diagnosis and Treatment of Hemodynamically Sig-
nificant PDA. Hemodynamically significant PDA is

an important risk factor in extubation failure in

extremely low birth weight (ELBW) infants. The

significant left to right shunt leads to pulmonary

overcirculation, pulmonary edema, and increased

ventilatory load. Indomethacin or Ibuprofen is

used to achieve medical closure in such cases. The

failure rate of medical treatment in infants with

lower gestational ages may be as high as 25–40%.

Surgical ligation is associated with increased

neurodevelopmental morbidity and risk of recurrent

laryngeal nerve palsy.

• Prevention of Ventilator-Associated Pneumonia

(VAP). Ventilator-associated pneumonia, defined

as a pneumonia that develops in a neonate after

48–72 h or more of mechanical ventilatory support,

is the second most common hospital-acquired

infection. Infants weighing<1,000 g are at greatest

risk. VAP increases respiratory load, causes lung

injury, increases risk of BPD, and also increases risk

of poor neurodevelopmental outcomes. In the

NICU, institution of the VAP bundle has signifi-

cantly decreased the incidence of VAP by encour-

aging sterile intubations, oral care, elevation of

head end of the bed to prevent aspirations, and

timely extubations. The essential features of the

VAP bundle are shown in Table 3.
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Strategies to Improve Respiratory Drive

• Respiratory Stimulants (Caffeine/Doxapram).

Caffeine, a trimethylated xanthine, reduces the

incidence of apnea of prematurity, has broncho-

relaxant effect and reduces diaphragmatic muscle

fatigue, improves respiratory mechanics, and

reduces extubation failure. Starting Caffeine early

(less than 3 days of life) results in significant reduc-

tions in duration of respiratory support. High-dose

(20 mg/kg) compared with low-dose (5 mg/kg)

Caffeine appears to be more effective. In infants

unresponsive to Caffeine, Doxapram, a respiratory

stimulant may be tried; however, its safety profile is

poor and currently, this therapy is not recommended

for ELBW neonates.

• Continuous Positive Airway Pressure (CPAP) and
Noninvasive Positive Pressure Ventilation

(NIPPV). Post-extubation CPAP or NIPPV help

maintain functional residual capacity (FRC) and

prevent atelectasis. Nasal CPAP reduces the inci-

dence of adverse effects post extubation including

failure of extubation. NIPPV may be superior to

nasal CPAP at preventing post-extubation respira-

tory failure. Nasal CPAP, NIPPV, and methylxan-

thines are evidence-based treatments to facilitate

weaning and extubation of preterm infants. Simi-

larly, synchronized noninvasive intermittent posi-

tive pressure ventilation (SNIPPV) is an effective

method of augmenting the beneficial effects of

nasal CPAP in preterm infants in the post-

extubation period.

• Avoidance of and Weaning from Sedation. Sedation

of ventilated newborns is occurring less frequently

in the NICU due to potential associated morbidities.

Sedation/analgesia is generally practiced in postop-

erative surgical patients and occasionally in patients

with severe primary pulmonary hypertension. Seda-

tion needs to be weaned to allow infant to have

adequate respiratory drive, and prolonged sedation

can lead to respiratory muscle weakness and diffi-

culty with extubation.

Strategies to Improve Respiratory Muscle Strength

• Patient Triggered Ventilation. Neonates, especially

premature neonates, have a paucity of fatigue resis-

tant high oxidative muscle fibers in their diaphragm

and intercostal muscles. Synchronized intermittent

mandatory ventilation or assist control ventilation
along with pressure or volume support during the

weaning phase reduces muscle fatigue and atrophy.

• Correction of Hypokalemia/Hypochloremia/

Hypocarbia/Hypercarbia. Premature infants who

are hypocarbic/hypercarbic may not have adequate

central respiratory drive to maintain respirations

once extubated. Hypercapnic ventilatory response

to CO2 is significantly reduced in preterm infants

and improves with advancing gestation. Further-

more, the CO2 apneic threshold is close to the

baseline CO2 and hyperventilation can lead to

apnea. Chronic and acute loop diuretic induced

hypokalemia, hypochloremia and contraction alka-

losis also causes muscle weakness. These metabolic

derangements need to be corrected prior to

attempted extubation especially in preterm infants.

• Avoidance of Neuromuscular Blocking Agents.

Paralysis during ventilation leads to decreased

chest wall compliance, fluid overload, impaired

pulmonary function, and need for higher ventilator

settings which cause barotrauma. Neuromuscular

blocking agents are used during anesthesia for sur-

gery and rarely for rapid sequence intubation. Neo-

nates are at greater risk for residual neuromuscular

blockade than older children and adults. Immaturity

of the neonatal neuromuscular system, reduced

level of type I fibers in the ventilatory musculature,

greater elimination half-life for neuromuscular

blocking agents, and overlap of closing lung vol-

ume with tidal volume are some of the causes. This

places them at greater risk for failure of extubation

after surgery. Non-depolarizing muscle relaxants

that competitively antagonize autonomic choliner-

gic receptors such as Pancuronium and Vecuronium

have their neuromuscular blocking effect potenti-

ated by simultaneous use of aminoglycosides, pres-

ence of acidosis, and hypokalemia. Residual muscle

paralysis during the postoperative period may lead

to mildly impaired respirations, pulmonary atelec-

tasis, apnea, hypoxemia, hypercarbia, and acidosis

which further potentiate the effect of neuromuscu-

lar blockade. Prolonged use of aminoglycosides can

have the same effect because of their cholinergic

effect.

• Diagnosis and Management of Phrenic Nerve

Injury. Phrenic nerve injury is a rare complication

of chest tube placement, cardiac surgery, tracheoe-

sophageal fistula repair, or as a result of obstetric
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Failed Extubation in NICU, Fig. 1 Ventilator Graphics show-

ing Tidal Flow Volume loops. (a): Normal tidal flow volume

loop; (b): Progressive expiratory flow limitation due to obstruc-

tive airway disease such as BPD; (c): Inspiratory and expiratory

flow limitation due to fixed obstruction such as Subglottic ste-

nosis; (d): Inspiratory flow limitation due to extrathoracic

obstruction such as Aberrant Subclavian artery; (e): Sever expi-
ratory flow limitation due to intrathoracic obstruction such as

tracheomalacia; (f): A craggy flow volume curve due to airway

secretions or crying (Adapted from Goldsmith JP, Karotkin

E Assisted ventilation of the neonate 5th edition)
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trauma. It is difficult to diagnose in a ventilated

patient as the positive pressure ventilation may

obscure the raised diaphragm in a chest radiograph.

An asymmetric or tented diaphragm on a chest

radiograph and failure to extubate should raise con-

cern for this complication. Ultrasound may reveal

a hypokinetic diaphragm, but may not differentiate

between diaphragmatic eventration and Phrenic

nerve palsy. Direct percutaneous electromyo-

graphic stimulation or noninvasive electromagnetic

stimulation of the Phrenic nerve shows prolonged

Phrenic nerve latency or an absent signal. Treat-

ment is plication of the hemidiaphragm once it is

clear that the nerve injury is irreversible and the

infant repeatedly fails extubation (Williams et al.

2003). Once the repair has been performed, the

infant is generally able to extubate with 3–5 days

of treatment.

Strategies to Diagnose and Treat Upper Airway

Obstruction

• Clinical Exam. The clinical examination remains

a vital part of evaluation of an infant who has

difficulty when extubated. The presence of stridor

is not always clinically apparent soon after

extubation and may appear after a few hours. Stri-

dor may be inspiratory, expiratory, or both. Pres-

ence of biphasic stridor along with retractions

suggests subglottic stenosis or edema. Knowledge

of the size of endotracheal tube used prior to

extubation and difficulty experienced with

re-intubation may confirm any suspicions (Pereira

et al. 2007). Change in the quality of stridor with

change in head position is important. Stridor in

laryngomalacia is relieved in the prone position

with head extended. Stridor of unilateral vocal

cord paralysis improves when infant is placed on

the side of the paralyzed vocal cord. Severe airway

obstruction may present with aphonia, weak or

almost no airway stridor but with distress and

apnea. Loudness of stridor bears no relation to

severity. Unilateral nasal obstruction either domi-

nant or nondominant increases total and inspiratory

airway resistance and decreases minute ventilation

in premature newborns (Martin et al. 1989). Exam-

ination of airflow at both nostrils is essential. Most

of the times, the unilateral obstruction is from

edema of the nasal passage from a prolonged
indwelling nasogastric tube. However, unilateral

choanal stenosis or obstruction due to epignathus

(Maartens et al. 2009) may not be apparent until the

infant has been extubated. A Pediatric Otolaryngol-

ogy evaluation is required to diagnose and treat

causes of airway obstruction.

• Ventilator Graphics in Assessment of Airway

Obstruction. Tidal-flow volume (F-V) loops (Fig. 1)

are a graphic expression of airflow at different

lung volumes (Graph 1a). The expiratory part of

the flow volume loop becomes concave in cases

of bronchospasm due to airflow limitation which

improves with bronchodilators. A “Ski slope

loop” is observed with expiratory airflow limita-

tion as seen in babies with BPD (Graph 1b).



Failed Extubation in NICU, Fig. 2 Normal larynx Failed Extubation in NICU, Fig. 3 Normal trachea

F 902 Failed Extubation in NICU
A cigar shaped loop due to inspiratory and expi-

ratory air flow limitation is seen in subglottic

stenosis, tracheal web, or with a narrow endotra-

cheal tube (Graph 1c). A bun shaped loop may

be observed in infants with extra-thoracic inspi-

ratory airflow obstruction as in an aberrant vessel

compressing the trachea (Graph 1d). A “crumpled

loop,” or severe expiratory flow obstruction is

seen in tracheobronchomalacia where the airway

is unstable and air flow is hampered due to

airway collapse (Graph 1e). A craggy flow

volume loop is seen with secretions or due to

crying (Graph 1f). Similarly, pressure volume

(P-V) loops can be used to assess lung compli-

ance, presence of air leaks, and airway resistance.

Ventilator graphics can be helpful in optimizing

conditions for weaning off the ventilator and

diagnosing potential risk factors for failure of

extubation (Bhutani and Sivieri 2001).

• Airway Dexamethasone. The neonatal airway is

narrow and relatively rigid (Figs. 2 and 3) at the

level of the cricothyroid cartilage and may be more

prone to injury and obstruction in the subglottic

region. Subglottic edema or stenosis is the most

common cause of extubation failure especially in

low birth weight population and in postoperative

cardiac patients. Subglottic edema occurs following

repeated attempts at intubation or after prolonged

intubation for ventilation (Dankle et al. 1987). In

a meta-analysis, intravenous Dexamethasone given

prior to extubation in newborns significantly
reduced the need for re-intubation (Davis and

Henderson-Smart 2001). It has been suggested that

the use of Dexamethasone be restricted to infants at

increased risk for airway edema and obstruction,

such as those who have had repeated or prolonged

intubations. Dexamethasone is started 24 h prior to

a planned extubation and continued for 24 to 48 h

after extubation.
Failed Extubation in the NICU: When to Call
an Otolaryngologist

An Otolaryngology consult should be obtained in

a NICU patient who fails multiple extubation attempts,

has stridor post extubation, or when there is concern

about anomalies of the aero digestive tract. Abnormal

laryngotracheal findings are common in such neonates.

Rigid or fiber-optic laryngo-tracheobronchoscopy

evaluation of the airway in the operating room under

anesthesia is often required to assess airway patency,

presence of laryngo-tracheo or bronchomalacia

(Figs. 4 and 5a, b), vocal cord paralysis, subglottic

stenosis (Fig. 6a, b), laryngeal webs, laryngeal clefts

(Fig. 7a, b), hemangiomas (Fig. 8a, b, c),

lymphangiomas, papillomas or cysts (Fig. 9a, b), or

presence of extrinsic pressure on the airway (Fig. 10).

Vocal cord paralysis may follow PDA ligation, cardiac

surgery, or tracheoesophageal fistula repair. Neonates

who are successfully extubated following PDA liga-

tion are generally asymptomatic despite vocal cord
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paralysis (Pereira et al. 2006). Congenital laryngeal

web is a rare malformation caused by an anomalous

embryologic development of the primitive

larynx. Most of the reported cases are of the glottic

type; the subglottic web is extremely rare. Laryngo-

tracheobronchoscopy plays an essential role in

the diagnostic workup of this lesion, and

endolaryngeal resection is the preferred treatment

whenever a structural cartilaginous subglottic stenosis

is not present (Anton-Pacheco et al. 2009). Increased

airway resistance due to tracheobronchomalacia or
Failed Extubation in NICU, Fig. 4 Laryngomalacia

Failed Extubation in NICU,
Fig. 5 (a and b):
Tracheomalacia
laryngomalacia in the presence of poor pulmonary

reserve due to BPD can also lead to extubation failure

(Downing and Kilbride 1995).
F

A Systematic Approach to the Problem of
Failed Extubation in the NICU

The literature is replete with reviews of complications

of prolonged ventilatory support in premature neo-

nates. However, recommendations regarding the man-

agement of those who fail extubation are varied and

often without consensus. In addition, there exists a fair

amount of inter- and intra-institutional variation

regarding the optimal number of trials of extubation

prior to deciding on alternate airway management

strategies (Pereira et al. 2007). Pereira and colleagues

retrospectively analyzed the data from records of all

premature (gestational age <37 weeks) infants who

underwent direct laryngo-bronchoscopy (DLB) in the

operating room (OR) for failed extubation between

January 1998 and December 2006 at their institution

(see Table 4). DLB was performed in 63 neonates to

evaluate the cause of failed extubation. Fifty (80%)

infants required a tracheostomy and had an average

gestational age of 30 weeks, birth weight of 1,457 g,

and 2.68 failed extubation attempts. Thirteen patients

who did not undergo tracheostomy were older in ges-

tation, weighed more, and had 1.33 failed extubation

attempts; 44% of the former and 23% of the latter

group had some degree of subglottic stenosis. When

compared to their counterparts with similar



Failed Extubation in NICU,
Fig. 6 (a and b): Subglottic
scarring due to intubation

injury

Failed Extubation in NICU,
Fig. 7 (a and b): Laryngeal
cleft type 3

Failed Extubation in NICU, Fig. 8 (a, b, c): Laryngeal hemangioma
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comorbidities, neonates with BPD, gestational age of

�30 weeks, and low birth weight were twice as likely

to have subglottic edema and failed extubation(Pereira

et al. 2007). Pereira and colleagues have proposed
a rational approach to the problem of failed

extubation in the NICU based on their findings which

is modified slightly to a gestational cutoff of 28 weeks

(Fig. 11).



Failed Extubation in NICU, Fig. 10 Aberrant innominate

artery

Failed Extubation in NICU, Table 4 Failed extubation in the

neonatal intensive care unit (Pereira et al. 2007)

Characteristics

Group

A (N ¼ 50)

Group

B (N ¼ 13)

Average gestational age (weeks) 30 34.5

Average birth weight (g) 1,457 2,309

Average days intubated 88.7 43.2

Average number of failed
extubations

2.68 1.33

Average number of endoscopies 1.82 1.17

Chronic lung disease (%) 56 38.5

Laryngopharyngeal reflux (%) 50 61.5

Comorbidities (%) 96 92.3

Abnormal airway (%) 92.7 90.9

Subglottic edema or stenosis (%) 44 23.1

Failed Extubation in NICU,
Fig. 9 (a and b): Sunglottic
cyst
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With improved NICU care, especially with short-

ened period of ventilation, restrictive oxygen policies,

aggressive nutrition, prevention of VAP and central

line–associated sepsis, severe BPD is an increasingly

rare complication in infants born at >28 weeks of

gestation. Failed extubation in this group of prema-

ture infants is likely due to either upper airway anom-

alies or airway injury leading to increased airway

resistance. In these neonates, an Otolaryngology

opinion is warranted when the infant fails extubation.

Extubation failure is rarely due to poor lung
function but due to other causes including airway

abnormalities. An individualized approach is

recommended and individualized treatment plan is

warranted.

In infants <28 weeks, BPD, airway obstruction,

and other comorbidities related to prematurity may

lead to recurrent extubation failures. An Otolaryngol-

ogy consult is recommended in this group after three

failed extubation attempts (Pereira et al. 2007). An

aero digestive team comprising of an otolaryngolo-

gist, pulmonologist, gastroenterologist, neonatolo-

gist, and a pediatric surgeon often manage these

patients. The approach consists of optimizing pulmo-

nary function, aggressively treating gastroesophageal



ELBW INFANT (<28WEEKS GESTATION)

Failed extubation X1

? Stridor Yes
No

? Difficult re-intubation Yes

No

Ensure adequate ventilation 

Optimize pulmonary function

Correct electrolyte imbalance

Optimize the dose of Caffeine

Optimize nutrition, growth, treat anemia

TRY EXTUBATION AGAIN

FAILED EXTUBATION!

Ensure adequate ventilation 

Optimize pulmonary function

Correct electrolyte imbalance

Optimize the dose of Caffeine

Treat GERD

DEXAMETHASONE (0.15/kg every 12 hours) 24 hours prior to extubation

TRY EXTUBATION AGAIN! If baby fails extubation

CALL ENTFOR DLB UNDER ANESTHESIA 

Call ENT, to rule out airway
obstruction or anomaly

Failed Extubation in NICU,
Fig. 11 A proposed approach

to an ELBW infant who fails

extubation
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reflux, treating nasal stuffiness and optimizing the

airway with Dexamethasone 24–48 h before an

assessment by rigid or flexible bronchoscopy to look

for airway obstruction and other anomalies(Pereira

et al. 2007). Those infants who show evidence of

ongoing respiratory instability due to recurrent aspi-

rations and GERD may need a gastrostomy tube and

fundoplication. A proposed approach to extubation

failure is outlined in Fig. 11.

An Otolaryngology consultation includes

a thorough evaluation of the airway of the infant in
the NICU and then under anesthesia in the operating

room. Nasal obstruction due to edema is easily treated

with nasal saline drops or with ophthalmic suspension

of Dexamethasone with Tobramicin twice a day for

2–3 days. However for nasal obstruction due to other

causes, such as unilateral/bilateral choanal atresia/

stenosis or an epignathus, a magnetic resonance imag-

ing (MRI) is required to delineate the extent of the

lesion and plan further management. A laryngoscopy

may reveal posterior pharyngeal or laryngeal pathol-

ogy; however, a detailed exam under anesthesia with
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either a rigid or flexible bronchoscope is generally

necessary (Downing and Kilbride 1995; Lim et al.

2003). Dynamic studies such as a cine computerized

tomography (CT) (Fig. 12) or a MRI (Fig. 13) of the

airway may be necessary to evaluate the extent of

tracheobronchomalacia or extrinsic compression.

Rarely a contrast bronchogram (Fig. 14) may be nec-

essary to diagnose stenosis of the tracheobronchial

tree (Torer et al. 2008). Further diagnostic studies

and management are planned depending on the
Failed Extubation in NICU, Fig. 12 Computed tomography

showing Bronchomalacia with narrowing of both bronchi, more

pronounced on the right (arrow) and collapse of the right lung

Failed Extubation in NICU,
Fig. 13 MRI of the head and

neck showing an extrinsic

mass compressing and

deviating the trachea
pathology found. Many of the infants will need to

undergo a tracheostomy at the time of the DLB

because of severity of the disease process or for

prolonged ventilator support. Preparing the parents

of these patients about the possibility of this outcome

prior to examination under anesthesia is necessary so

that they understand that these infants will require

extended medical and home care (Schlessel et al.

1993).
F
Conclusion

In summary, failed extubations are relatively common

in the NICU. With earlier extubations to prevent lung

and airway injury and a lack of reliable predictors for

successful extubation, many infants may need multiple

attempts before they are finally extubated. A thorough

knowledge of the causes of extubation failure, a good

understanding of the anatomy and pathophysiology of

the respiratory system, and a systematic approach to

examining the infant who fails extubation is needed.

Treating the underlying causes of extubation failure

such as poor lung compliance, inadequate respiratory

drive, and reversible airway pathology (e.g., nasal

obstruction, subglottic edema, GERD) is necessary

before an otolaryngologist is consulted. Ideally,

a multidisciplinary team comprising of the neonatolo-

gist, pulmonologist, gastroenterologist, and an
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performed during DLB shows the narrowing of the trachea and

both bronchi
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otolaryngologist should manage these babies in the

NICU and follow them post discharge to ensure best

outcomes.
Cross-References
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▶ Imaging of Pediatric Neck and Airway

▶Nasal Obstruction in Newborn
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 F
Definition

It is the inner subunit of a peripheral nerve composed

of a number of nerve fibers invested in a sheath of

connective tissue called the perineurium.
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Synonyms

Fascial flaps; Locoregional flaps; Microvascular free

flaps; Pedicled flaps
Definition

A fasciocutaneous flap consists of skin, subcutaneous

tissue, and deep muscle fascia and has a defined axial

blood supply, which is the pedicle. Adiposofascial
flaps consist of subcutaneous tissue and fascia while

fascia-only flaps consist only of fascia. Both of these

later flaps also have a definable axial blood supply.
Purpose

The purpose of a fasciocutaneous flap is to resurface

cutaneous or mucosal defects of the head and neck

while having its own independent blood supply.

Adiposofascial flaps bring vascularized subcutaneous

tissue to restore volume to a head and neck defect.

Fascial-only flaps provide a thin layer of vascular

fascia where thin lining is critical to the reconstruc-

tion (i.e., coverage of carved costal cartilage to form

an auricle, or provide a thin lining for

a hemilaryngectomy defect).
Principle

A sound knowledge of the vascular anatomy of fascial

flaps allows the surgeon to efficiently harvest these

extremely well-vascularized flaps in predictable and

reliable way. The dermal, subdermal, suprafascial, and

subfascial vascular plexuses of these flaps can be

supplied through perforator vessels from an axial

blood supply (major named vessel) that can either sit

on top of a muscle (direct cutaneous artery) or

underneath a muscle, or between muscles. For

example, if the axial supply originates underneath

a muscle and the perforators going to the flap travel

through the muscle, these perforators are referred to as

the musculocutaneous type. Similarly, if the axial sup-

ply resides between two muscles and the perforators

travel through an intermuscular septum, which lies

between the two muscle bellies, to the vascular plex-

uses of the flap, these perforators are the

septocutaneous type. A single fascial flap can have

multiple perforators and combinations of different

types of perforators (Mathes and Nahai 1982). Mathes

and Nahai have classified fasciocutaneous flaps: Type

A has a direct cutaneous pedicle to the fascia (i.e.,

temporoparietal fascial flap); Type B has

a septocutaneous perforator (i.e., radial forearm free

flap); and Type C has perforators from

a musculocutaneous source (i.e., anterolateral thigh

free flap) (Lamberty and Cormack 1990). Cormack

and Lamberty classified fasciocutaneous flaps based

http://dx.doi.org/10.1007/978-3-642-23499-6_358
http://dx.doi.org/10.1007/978-3-642-23499-6_368
http://dx.doi.org/10.1007/978-3-642-23499-6_100378
http://dx.doi.org/10.1007/978-3-642-23499-6_100564
http://dx.doi.org/10.1007/978-3-642-23499-6_100619
http://dx.doi.org/10.1007/978-3-642-23499-6_100619
http://dx.doi.org/10.1007/978-3-642-23499-6_100808
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on the number of definable perforators: no identifiable

perforators because flap is supplied by the fascial

plexus from a direct cutaneous artery; a flap with single

perforator; and flaps with multiple perforators from

a segmental artery source. Perforators supply defined

areas of skin, subcutaneous tissue, and fascia. These

areas are referred to as ▶ angiosomes (Geddes 2003).

The concept of “free style” free flap or ▶ perforator

flap refers to incising the skin, and then supra- or

subfascially elevating the skin till a robust perforator

is identified. The perforator is dissected to its parent

segment vessel. The area of skin that is reliably sup-

plied by the perforator(s) is incised into an island and

the flap is elevated. When the fascial flap can be trans-

ferred to the defect site without dividing its parent

blood supply, it is referred to as a ▶ pedicled or

locoregional flap. On the other hand if the pedicle

flap will not reach the defect, its parent blood is

divided. The flap is transferred to the defect as a free

flap where microvascular anastomosis is performed.

The axial blood supply of a free flap will often consist

of an artery and its attendant vena comitantes. Occa-

sionally, a superficial venous system can also be iden-

tified to drain the flap (i.e., cephalic vein of the radial

forearm free flap). The flap is inset into the defect and

the flap vessels are microvascularly anastomosed to

native recipient vessels of the head and neck.
Indication

For defects in the head and neck, fascial flaps are

considered in the reconstructive ladder when simplifier

options are not viable such as local flaps (pedicled or

random blood supply) and free grafts (i.e., tissue grafts

that do not have their own blood supply and rely on the

recipient bed for vascularity like skin grafts). In radi-

ated defects, the utilization of free grafts is essentially

precluded because of the poor blood supply of the bed

from radiation endarteritis. Although this vascular

depleted environment can be somewhat remedied

with hyperbaric oxygen (HBO) treatments, even with

HBO, the reliability and the success of a pedicled

fascial flaps still far exceeds that of any free graft.

Furthermore, fascial flaps bring with them a rich, inde-

pendent blood supply that dramatically enhances the

healing potential of chronically infected and poorly

healing wounds. When considering ▶ local flap, we

are referring to flaps that are adjacent to the defect
and have a random blood supply based on the deep

dermal and subdermal plexus. An example is a rotation

flap. These flaps may not be an option if prior surgical

incisions have crossed the area of proposed flap eleva-

tion, thus compromising the flap. Even though such

flaps maybe successfully raised in a delayed fashion,

they will not be as reliable as a regional pedicled or

free fasciocutaneous flap. Although local flaps provide

better tissue match due to the proximity to the defect,

they may not provide an adequate amount of tissue to

resurface or fill the defect. Furthermore, if the blood

supply of a local flap is random in nature, the vascu-

larity, and therefore reliability, will never exceed that

of a pedicled fascial flap. Compared to some fascial

flaps which can be harvested with multiple

vascularized layers, multiple skin paddles, fascia, and

other components such as muscle and bone, a single

local flap may simply lack the adequate composition

required to reconstruct complex and multilayered

defects (i.e., through-and-through defect of the cheek

and maxilla into the oral cavity).
Contraindication

If simpler reconstructive options with better functional

and aesthetic results, and less donor morbidity are

available, they should be exhausted first before turning

to a regional or distal fascial flap. If prior surgery or

trauma has compromised the pedicled blood supply to

the flap, it should not be harvested (i.e., prior axillary

node dissection on the side of proposed harvest of

a ▶ scapular/parascapular free flap, or recent intra-

arterial line in radial artery or intravenous in the

cephalic vein at site of a proposed radial forearm free

flap harvest). If there is major donor site morbidity

predicted with the flap harvest, it should be abandoned

as a reconstructive option. For example, if a patient’s

Allen’s test or preoperative Doppler ultrasound fails to

demonstrate good collateral flow through the vascular

arches of the hand with radial artery occlusion, a radial

forearm free flap should not be harvested because of

the substantial risk of ischemic injury to the hand.
Advantage/Disadvantage

The advantages of fascial flaps have been asserted in

the aforementioned sections: easy and efficient flaps to

http://dx.doi.org/10.1007/978-3-642-23499-6_200013
http://dx.doi.org/10.1007/978-3-642-23499-6_200014
http://dx.doi.org/10.1007/978-3-642-23499-6_200014
http://dx.doi.org/10.1007/978-3-642-23499-6_100808
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harvest; a reliable and independent blood supply and,

therefore, highly successful reconstructions; enhanced

wound healing in the chronically infected and vascular

depleted recipient beds; highly versatile flaps in terms

of number flap layers, and independent skin paddles;

the flaps can be extremely thin fascial-only flaps

(temporoparietal fascial flaps) to flaps with thick

subcutaneous tissue such as the anterolateral thigh

free flap; fascial flaps can also be harvested with

other vascularized tissue components such as muscle

or bone (these composite flaps will be discussed in the

section on ▶musculocutaneous and ▶ osteocutaneous

flaps); and lastly, some of these flaps can also be

sensate (lateral antebranchial cutaneous nerve of the

radial forearm free flap).

The disadvantages of these flaps are the associated

donor site morbidity. This can include poor healing in

the donor site including wound break down, and failure

of skin grafts to take resulting in tendon exposure such

as that might occur when repairing the radial forearm

donor site. Furthermore, there is the possibility of

seromas and/or hematomas, sensory or motor nerve

injury, and muscle injury. Buried adiposofacial flap

and fasciocutaneous flaps can be difficult to monitor

without an external skin paddle. Implantable Doppler

devices are useful in this situation. Of course as with

any flap, flap failure is a possibility, resulting in an

adverse situation where the patient incurs donor site

morbidity without making any progress towards

rehabilitating the defect. Fortunately, as one will

observe in the subsequent sections, there are multiple

fasciocutaneous flap options available as a backup in

the event of a flap failure.

Whenever considering fascial type of flaps, one

must select a flap where the advantages of the flap

reconstruction far outweigh the disadvantages and

potential complications.
Commonly Used Fasciocutaneous Flaps

Radial Forearm Free Flap

This is the workhorse free flap of head and neck recon-

struction. It provides a relatively thin, pliable, and

sensory neurotized flap which makes it ideal for oral

cavity reconstruction. As an adiposofascial flap, it is

ideal to restore volume in defects such those created by

total parotidectomy. A vascularized palmaris tendon

can also be included to suspend a total lower lip
reconstruction. The pliability of the flap allows it to

be tubed for total laryngopharyngectomy defects

(Urken et al. 1995), particularly after

chemoradiotherapy failures for laryngeal cancer

requiring laryngectomy and reconstruction. Multiple

independent skin paddles can be used for resurface

mucosal and cutaneous defects at the same time

(i.e., through-and-through defect of the cheek). The

long pedicle length allows it to reconstruct the skull

base while the pedicle can easily reach the neck to be

anastomosed. To provide even thinner lining, such as

that required for the internal nasal mucosa for total

rhinectomy defects, the flap can be prelaminated with

split thickness skin graft and then can be later

harvested for intranasal lining reconstruction.

A subcutaneous paddle can also be harvested in

continuity with the cutaneous paddle. The subcutane-

ous paddle can be separated from the pedicle but is

deliberately kept attached to the cutaneous paddle, thus

maintaining its blood supply through the subdermal

plexus in a retrograde fashion. By this way the

vascularized subcutaneous paddle can be rolled onto

itself to provide the necessary bulk for base of tongue

reconstruction.

The flap design extends longitudinally over the

forearm while being centered over the radial artery

pedicle and cephalic vein. The entire forearm from

the flexor crease to the antecubital fossa can be

harvested. The radial artery pedicle is located between

the brachioradialis and flexor carpi radialis. Between

these two muscles, septocutaneous perforators traverse

the intermuscular septum to supply the

fasciocutaneous paddle. Many of these perforators

also supply the radial bone. Therefore, a portion of

the radial bone can be harvested to create an

osteocutaneous flap. Often the vena comitantes can

be dissected to a common bridging vein that connects

to the superficial cephalic vein system, although this is

not absolutely necessary.

Potential morbidity associated with this flap is

wound breakdown resulting in tendon exposure due

to poor split thickness skin graft take at the donor

site. Elevating the skin paddle in a suprafascial plane

minimizes the occurrence of this complication. During

flap elevation, care also has to be taken not to injure the

radial sensory nerve branches. A preoperative Allen’s

test is mandatory to ensure good collateral circulation

from the ulnar vessels through the superficial and deep

palmer arches to the thumb and index finger. Patients

http://dx.doi.org/10.1007/978-3-642-23499-6_200207
http://dx.doi.org/10.1007/978-3-642-23499-6_359
http://dx.doi.org/10.1007/978-3-642-23499-6_359
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with questionable Allen’s tests should undergo Dopp-

ler ultrasound with radial artery occlusion to quantify

collateral flow. Serious morbidity can be incurred with

loss of blood supply to the thumb, index finger, and

thenar eminence if these preoperative checks are

ignored to identify poor collateral blood supply in the

hand. Lastly, another disadvantage of the flap is that it

transfers hair-bearing skin. Some authors have advo-

cated removing the mid dermis to epithelium portion

of the flap with a dermatome prior to transfer. While

the partial skin graft that was removed resurfaces the

secondary forearm defect, the transferred flap now has

a depleted number of pilosebaceous units and subse-

quent minimal hair growth upon healing. This tech-

nique can only be applied if flap is not folded in the

defect causing opposing bare surfaces to scar together,

and thus compromising the reconstruction. As an

aside, if postoperative radiation is planned, during its

course, many of the pilosebaceous units will also dam-

aged and hair growth will be minimized. Opposing

de-epithelialized segments of the inset flap should not

contact each other in order to avoid synechiae. Fur-

thermore, there is a potential risk of injury to radial

sensory nerve branches to the thumb.

Temporoparietal Fascial Flap

The temporoparietal fascia (TPF) lies deep to the sub-

cutaneous tissue and hair follicles of the dermis of the

temple. TPF is continuous with the galea aponeurotica

above the superior temporal line and with the SMAS

(superficial musculoaponeurotic system) below the

zygomatic arch. Therefore, the galea can be harvested

with the flap, creating flaps as large as 17 by 14 cm

(Bailey et al. 2006). The flap cannot be harvested

below the zygomatic because of the following anatom-

ical considerations. At the zygomatic arch, the TPF is

adherent to the periosteum of the zygomatic arch.

Along the zygomatic arch, the frontal branch of the

facial nerve pass into the TPF through a corridor that is

2 cm in front of the tragus and 2 cm behind the orbital

rim. In this corridor along the zygomatic arch, the

frontal branches are vulnerable to injury if the dissec-

tion is not in a subperiosteal or subcutaneous plane.

Above the arch, the frontal branches travel within the

TPF anterior to Pitanguy’s line. This is a line that

connects a point 0.5 cm below the tragus to another

point 1.5 cm above the lateral tail of the brow. There-

fore, only the TPF that is posterior to this line can be

harvested safely without injuring the facial nerve. The
superficial temporal artery and vein typically arise

from the parotid to cross the zygomatic arch and

enter into the TFP just anterior to the root of the helix

and behind the aforementioned danger zone of the

facial nerve at the zygomatic arch. The pedicle can

be safely dissected further proximally into the parotid

as long as one remains superficial to the bony-

cartilaginous junction of the external auditory canal

in order to avoid the main trunk of the facial nerve.

Just above the zygomatic arch, the pedicle sends the

middle temporal artery branch which supplies the deep

temporal fascia. Therefore, a two layer vascularized

fascial flap can be harvested (Bailey et al. 2006).

Approximately 3 cm above the root of the helix, the

superficial temporal artery divides into a frontal and

parietal branch. The frontal branch of the superficial

temporal artery is ligated well behind Pitanguy’s line

to harvest the flap.

As a pedicled flap, it is the preferred method for

reconstructing the external lining of the external pinna

when it is deficient and local flaps will not suffice

(i.e., burn victim with poor overlying skin in auricle

region). This thin lining flap is usually draped over the

cartilaginous ear reconstruction, and then a skin graft is

applied. Because the flap is thin, it easily adapts to the

delicate contours of the reconstructed ear, bringing the

architecture of the neo-constructed pinna into broad

relief. As a free flap, it is also thin enough to

reconstruct hemilaryngectomy defects without

compromising the airway with an excessively thick

flap. The TPF quickly mucosalizes in the airway.

The disadvantages of the flap are its short pedicle

length, making it difficult to transfer a large surface

area of the flap to the anterior skull base. Because the

hair-bearing skin of the temporal area is elevated in the

near subdermal plane in order to expose the flap, there

is possibility of injury to hair follicles, resulting in

temporary or permanent alopecia. There is usually

unavoidable sensory numbness in the distribution

of the auriculotemporal nerve, although patients

rarely complain about this symptom. As discussed,

the frontal branch of the facial nerve can be placed in

jeopardy during this dissection.

Anterolateral Thigh Free Flap

This flap has been progressively adopted by many

centers as a “workhorse flap” like the radial forearm

due to its purported thinness in Asian patients, the large

surface area of skin that can be transferred while
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allowing for primary closure of the leg, a long vascular

pedicle, and sensory innervation from the lateral

femoral cutaneous nerve. However, due to the gener-

ous body habitus of many North Americans, the ALT

is usually a thick subcutaneous flap in North America

(Microsurgeon.org). Different authors have proposed

that up to 20–25 cm longitudinally and 8–12 cm of

width of skin flap can be harvested with primary clo-

sure of the leg. Like the radial forearm free flap, two

team simulataneous oncologic ablation and flap eleva-

tion can be performed simultaneously. The pedicle of

the flap is the descending branch of the lateral femoral

circumflex artery (LFCA). This pedicle usually resides

between the rectus femoris muscle and the vastus

lateralis deep in the lateral intermuscular septal plane.

Occasionally the pedicle travels within the substance

of the vastus lateralis itself. There are on average two

major perforators to the flap. When more than one

perforator is present, independent skin paddles can be

harvested. These perforators are most often located in

the midpoint of the line connecting the lateral patella

and the anterior superior iliac spine, and thus the flap

should be centered at this point. At least initially, it is

important to preserve the consistent tensor fascia lata

perforator located more cephalically in the leg, till

a more inferior perforator is identified. If one does

not identify a reasonable distal perforator, tensor fascia

lata (TFL) perforator can serve as the lifeboat of the

anterolateral thigh free flap. However, basing the flap

on this TFL perforator reduces the overall length of the

pedicle. Because most of the perforators identified are

more commonly of the musculocutaneous type, trav-

eling through the vastus lateralis, two thirds of the flap

width should be located over this muscle. In terms of

flap design, this means that two thirds of the width of

flap should be located behind the line connecting the

lateral patella and anterior superior illiac spine. The

musculocutaneous nature of the perforators and their

variable location can make the dissection tedious for

inexperienced surgeons. On the other hand,

vascularized vastus lateralis can be harvested with the

flap and can also have motor neurotization via the

nerve to the vastus lateralis. Such a flap may have

applications in reconstructing the bulk and functional

muscle of the tongue or for facial reanimation.

As a perforator flap, one can harvest a TFL fascial-

only flap or adiposofascial flap.

Potentially donor site morbidities associated with

this flap include postoperative hematomas and seromas
due to large area of dissection. Rarely, there can be

weakness of knee extension resulting in gait alteration.

Avoiding damage to proximal perforators coming off

the LFCA to the rectus femoris muscle can minimize

this. Sensory disturbances can occur to the lateral thigh.

Aesthetic issues include abnormal scarring from the

conspicuous long lateral leg incision, and contour defor-

mities from resection of subcutaneous tissue.

Scapular/Parascapular Fasciocutaneous Free Flap

The pedicle originates from the subscapular artery

whose origin is based on the third part of the axillary

artery. The subscapular artery divides into

a thoracodorsal branch supplying the latismus dorsi

and serratus anterior muscles (and tip of scapular

bone via the angular branch), and a circumflex scapular

branch, supplying the scalpular/parascapular

fasciocutaneous skin paddles. The circumflex scapular

artery (CSA), the main pedicle of the scapular/par-

ascapular fasciocutaneous free flap, emerges through

the triangular fossa from dorsal to ventral. The teres

minor superiomedially, teres major inferiomedially,

and the long head of triceps laterally are the boundaries

of the triangular fossa. Prior to emerging from the

triangular fossa, a branch from the proximal CSA

supplies the lateral border of the scapular bone.

The teres major muscle has to be divided in order to

expose and dissect out the pedicle. It is prudent to

reattach the muscle via drill holes in remainder of the

lateral scapular bone so that occurrence of postopera-

tive shoulder dysfunction is reduced. After the CSA

emerges from the triangular fossa, the pedicle divides

into a transverse branch, supplying the horizontally

oriented scapular flap, and a descending branch, sup-

plying the vertically oriented parascapular flap. If all

the components (i.e., scapular and parascapular skin

paddles, lateral scapular bone, angle of scapular bone,

latissmus dorsi, serratus anterior with possible overly-

ing skin paddles) are harvested on the ▶ subscapular

system, this is referred to as the “scapular megaflap.”

The advantage of this flap is the large surface area of

thin, pliable, and hairless skin it provides. The flap can

provide multiple skin paddles, bone, and large volume

of muscle and therefore it is ideal for three dimension-

ally reconstructing large, complex, and multilayered

tissue defects. Also the flap provides a long pedicle

length (Bailey et al. 2006). The pedicle length is

7–10 cm if it is harvested at the CSA, and 11–14 cm

if the subscapular artery is harvested.

http://dx.doi.org/10.1007/978-3-642-23499-6_773
http://dx.doi.org/10.1007/978-3-642-23499-6_773
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F 916 18F-FDG PET
The obvious disadvantage is that simultaneous flap

harvest and oncologic ablation is very difficult.

Therefore, harvesting this flap can lead to protracted

operative times. The lateral decubitus positioning can

injure the contralateral brachial plexus if one does not

use an axillary roll in the contralateral axilla. Winging of

the scapular and shoulder dysfunction is aggravated if

the teres major muscle is not reattached to the lateral

border of the scapula. Furthermore, if the flap is harvested

on the same side as radical or modified radical

neck dissection, which causes spinal accessory nerve

morbidity, shoulder dysfunction can be quite debilitating.

Prior axillary node dissection can damage the pedicle

vessels, and therefore this is an obvious contraindication

for harvesting the scapular systems of flaps (Table 1).
Cross-References

▶Angiosomes

▶Classification of Flaps

▶Delay of Flap

▶Donor Site Complications in Free Flap Surgery

▶ Free Tissue Transfer in Head and Neck

▶Local Flaps

▶Mandible Reconstruction

▶Musculocutaneous Flap

▶Nasal Reconstruction

▶Oropharyngeal Reconstruction

▶ Pedicled Flaps

▶ Perforator Flaps

▶ Pharyngocutaneous Fistula

▶Regional Flaps

▶ Subscapular System Flaps
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Feeding Difficulties

▶ Feeding Disorders
Feeding Disorders
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Synonyms

Childhood eating disorder; Feeding difficulties; Feed-

ing problems; Food intolerance; Food selectivity;

Picky eater

Definition

The term “feeding disorder” refers to a condition when

a child is unable or refuses to eat, or has difficulty

eating. Feeding problems that persist not only under-

mine the child’s growth and development, but can

affect the whole family. This causes stress and

a disturbed interaction between caregiver and child.

Early identification and appropriate management is

essential to avoid these long-term problems.

Epidemiology

The prevalence of feeding disorders in normally devel-

oping children is estimated to be between 25% and
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45%, with figures soaring to as high as 80% in children

with developmental disabilities (Lefton-Greif and

Arvedson 2007; Manikam and Perman 2000). How-

ever, these estimates represent the tip of the iceberg, as

there are not many studies reporting the epidemiolog-

ical figures for feeding disorders and nor is there

a registry or systematic reporting system.

Development of Feeding Skills

Feeding is a complex developmental process and the

child eventually acquires self-feeding with socially

acceptable skills by the age of 3 years. Evolution of

feeding is dependent on the acquisition of oral senso-

rimotor skills, posture and tone, and psychosocial dif-

ferentiation as the child matures.

Infant feeding is characterized by suckling in the

first 6 months and sucking in the latter 6 months of

infancy. Suckling is characterized by liquid drawn into

the mouth by rhythmic extension and retraction of the

tongue (horizontal movement), the backward phase

being more pronounced, combined with opening and

closing of the jaw. Tongue protrusion does not extend

beyond the border of the lips, and the lips are loosely

approximated. In the sucking pattern, there is vertical

movement of the tongue due to strong activity of its

muscles, which results in vertical excursion of the jaw.

The lips are sealed firmly and there is negative pressure

in the mouth. The developmental sequence from suck-

ling to sucking is one of the steps in oral preparation for

weaning to soft foods and spoon-feeding. Transitional

feeding period begins at 4–6 months of age when

semisoft textures can be handled. This is accomplished

by an increase in the oral cavity due to growth of the

mandible and resorption of the sucking pads to accom-

modate the food, along with lateral movement of the

tongue to move the food between the tongue and the

buccal wall. Chewing at this stage is by vertical motion

of the jaw referred to as “munching.” Though teeth

may erupt at this time, they are not essential for

chewing. Food is effectively chewed even with no

teeth, on the “molar tables.” As development

progresses, the vertical movement of the jaw alternates

with lateral movement and finally a mature mastication

process evolves: chewing with molars and rotatory

motion of the jaw. Concurrent with the evolution of

feeding patterns, the child also develops speech to

verbalize hunger and food preferences, while posture

develops with the ability to control the head, neck, and
trunk. As the child acquires new motor skills, feeding

skills evolve as well. Self-feeding begins at around

9 months of age when the pincer grasp develops (appo-

sition of thumb and forefinger). This is also a time

when the mealtime experience broadens from a

one-on-one relationship with the primary feeder to

participation in the family meal.
Etiology

Feeding disorder results from interplay of organic and

psychosocial factors. Though most feeding disorders

can have an organic cause, there is often a concurrent

behavioral issue. For successful feeding, there must be

an adequate and appropriate nutrition source available.

The child must be able to swallow safely with no

untoward symptoms after swallowing and the environ-

ment (including the cues from the caregiver) must be

conducive for feeding.

Both early and late weaning may be associated with

feeding problems. It is felt that there is a “critical”

period when children should be challenged with solid

foods (6–7 months of age) in order to develop appro-

priate feeding skills. If children miss this solid-food

feeding-window, they may resist the challenges

imposed by foods requiring chewing and continue to

prefer smooth textured foods.

Similarly, if higher textured foods are offered too

early when the child has not achieved developmentally

appropriate oro-motor skills, the caregiver may misin-

terpret the refusal or “spitting” out of the food as

rejection of the food. This perceived rejection might

result in anger by the caregiver or pressure on the child

to eat. Together, this may result in maladaptive behav-

ior on both the child and caregivers’ part.

Classification

Feeding disorders can be broadly classified into three

categories, based on the key etiology:

1. Behavioral

2. Oral sensorimotor dysfunction

3. Inability to accept food due to medical conditions

and comorbidities

These discrete categories operate at an interface of

the physical and emotional developmental age of the

child, as well as on social learning and behavioral

adaptation. More often, there is a “mixed” etiology
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ated with feeding disorders

Temper tantrums (screaming, running around, hitting food with

hands)

Regression behaviors (going back to easier textures like puree

and liquid, preferring bottles over cups)

Food selectivity (texture, color, temperature, consistency)

Engaging in playful activities while caregiver is trying to feed

Refusing to swallow a bite

Self-induced emesis

Negative behavior during eating

Exceedingly slow eating

Angry outbursts while eating
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for childhood feeding disorders, but the maladaptive

behavior resulting from this is uniform.

Behavioral

Food refusal can be complete or partial. Complete food

refusal occurs when it is to all foods, irrespective of

their physical and chemical properties. Partial food

refusal (aka food selectivity) occurs when it applies

to specific texture, volume, temperature, type, color,

appearance, smell, or brand. Children may refuse food

after a negative experience such as pain or discomfort.

Such presentations are usually behavior related, but it

is also important to rule out any medical condition that

could be contributing to the feeding problem. If found

and treated, there is a high probability of reverting the

child’s feeding pattern back to normal and ensuring

adequate nutritional status. Some parents would describe

their children as “picky” eaters, who only eat a limited

number of foods. The childmight also indulge in difficult

behaviors duringmealtimes in order to avoid eating food,

such as temper tantrums, spitting out the food, and

refusal to open the mouth to take a bite. Often parents

attempt to correct this behavior by negative reinforce-

ment, but it appears as positive reinforcement to the child

as he is able to hold the parents’ attention. This results in

persistence of inappropriate mealtime behavior. In such

instances, behavioral intervention plays an extremely

significant role. Table 1 lists some of the typical behav-

iors associated with a feeding disorder.

Oral Sensorimotor Dysfunction

Oral sensorimotor dysfunction occurs in normally

developing young children as well as children with

developmental disabilities and medical conditions.

Children often are either hypersensitive to texture/
taste/smell of the food or are unable to initiate or

complete different phases of swallowing. Some

infants/children might also have impaired suck and

swallow reflex, secondary to a previous insult to the

nervous system or anatomical malformations. Swallow

function may be affected in smaller premature infants

with anoxic brain injury, as well as children with

acquired brain injury – traumatic, post-infectious, or

metabolic. Conditioned dysphagia occurs in children

who have had multiple procedures around their mouth

(NG tube, suctioning, tracheostomy) who subse-

quently develop food hypersensitivity. A typical

presentation of oral motor dysphagia includes

drooling, inability to form a bolus of food during the

oral phase of swallowing, packing food inside

the cheeks for prolonged periods, or spitting out the

bolus of food. Dysfunctional swallow caused by entry

of food into the respiratory system manifests as

a coughing spell immediately after swallowing food.

Children with oromotor problems might also exhibit

language delays due to incoordinated oral motor

infrastructure. Hence, language delay coupled with

feeding problems should prompt a medical as well as

an oral motor evaluation. Exhaustive oral sensorimotor

evaluation and intensive oral motor therapy is the key

to success in these children. Studies have shown that

developmentally disabled children with oral motor

dysfunction have a more severe course of feeding

disorder than those without it (Wilson and Hustad

2009). Language delays have also shown to improve

with intensive and consistent therapy.

Inability to Eat Due to Medical Conditions and

Comorbidities

Medical disorders can be the initial trigger or

a coexisting condition contributing to the feeding prob-

lem (Levy et al. 2009) (Table 2). Since such medical

disorders can be extremely subtle, every child with

a feeding disorder should be medically evaluated to

assess if the symptoms have an organic cause to them

or are behavioral and/or are environmental in origin.

Presence of certain conditions predisposes children to

a relatively more complicated course of feeding disor-

der. Examples of these conditions include children

with cerebral palsy (Wilson and Hustad 2009), hemi-

plegia/diplegia/quadriplegia, autism spectrum disor-

ders (Provost et al. 2010), seizure disorder, special

needs children (Gal et al. 2011), extreme prematurity

(Samara et al. 2010), ventriculo-peritoneal shunts,
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tions associated with feeding disorders

Gastrointestinal Esophagitis

Gastritis

Duodenitis

Inflammatory bowel disease

(Crohn’s, ulcerative colitis)

Celiac disease

Malabsorption syndromes

Bowel resection

Short gut syndrome

Constipation

Hirschsprung’s disease

Dumping syndrome

Chronic abdominal pain syndrome

Chronic pancreatitis

Chronic hepatitis

Motility disorders: GERD,

antroduodenal dysmotility, colonic

hypomotility

Assisted tube feedings: gastrostomy,

gastro-jejunostomy, jejunostomy,

naso-gastric

Stomas: post-ileostomy, cecostomy,

colostomy

Neurodevelopmental Cerebral palsy

Delayed milestones

Myopathy syndromes (congenital

muscular dystrophy, Duchenne

muscular dystrophy)

Hypoxic-ischemic encephalopathy

Congenital malformations (Arnold-

Chiari)

Syndromes(Riley-Day, Noonan,

Russell-Silver, Pierre Robin

sequence, Klippel-Feil, Beckwith-

Wiedemann, Trisomy 18, Kabuki,

Velocardiofacial, Prader-Willi,

Oculo-mandibulo-facial,

Smith-Lemli-Opitz, de Lange)

Post-traumatic brain injury (traumatic

encephalopathy, brain stem injuries)

Polyneuropathies (myasthenia gravis)

Rett syndrome

Pulmonary Cystic fibrosis

Bronchopulmonary dysplasia

Oro-laryngeal Language disorders

Acute infectious processes (Otitis

media, sinusitis)

Structural anomalies of the upper

respiratory tract (micrognathia,

tongue tie, midfacial hypoplasia)

Vocal cord dysfunction

(continued)

Feeding Disorders, Table 2 (continued)

Cardiovascular Chronic and complex congenital heart

disease

Medications (with
mechanism of action)

Anti-epileptic drugs (arousal

abnormalities)

Neuroleptics (arousal abnormalities)

Benzodiazepines (suppression of

brain stem regulation of swallowing)

Antihistamines (arousal

abnormalities)

Anticholinergics (diminished

salivation)

Metabolic Lysosomal storage diseases

Peroxisomal disorders

Purine and pyrimidine disorders

Psychological Disordered child-caregiver

interaction

Acute or chronic stressors

Rumination, pica, psychogenic

vomiting, purging, depression

Feeding Disorders 919 F

F

delayed milestones, congenital malformations, meta-

bolic disorders, and genetic syndromes. Recent illness,

especially if it ran a complicated course requiring

hospitalization for a prolonged period, has also found

to be an important trigger or precipitating factor for

some feeding difficulties.

Symptoms that raise concern for an underlying

organic cause for feeding disorder include vomiting,

abdominal pain, nausea (esophagitis, gastritis,

duodenitis); and feeling of food getting stuck in the

throat (eosinophilic esophagitis, reflux or infectious

esophagitis, esophageal motility disorders). Failure to

thrive is another red flag that needs to be investigated.

Recurrent GI symptoms from celiac disease,

hirschsprung’s disease, dysmotility or POTS can also

disrupt a normal eating cycle.
Evaluation of a Child with Feeding Disorder

Clinical Assessment

A highly comprehensive and multidisciplinary assess-

ment is critical to understand the process of any ongo-

ing feeding problem. It involves inquiring about

symptoms pertaining to a medical condition, behav-

ioral difficulties, lack of oropharyngeal coordination,

parent–child interaction, and assessment of the child’s

nutritional status. Identification of predisposing,

precipitating, and perpetuating factors should be
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meticulously sought out. Parental responses and cop-

ing mechanisms are often intertwined with the existing

feeding problem

There are five components to a comprehensive

feeding assessment of a child with feeding disorders:

• Medical evaluation

• Nutritional status evaluation

• Behavioral evaluation

• Oral motor and speech evaluation

• Psychosocial

Medical Evaluation

Presence of medical conditions can make the treatment

of feeding disorder more challenging as they interact

with both behavioral and social factors (Berlin et al.

2011; Zangen et al. 2003). A thorough history and

a comprehensive systemic exam form the cornerstone

for diagnosis. A detailed neurodevelopmental exam is

also important to rule out any organic cause for

delayed milestones. GI motility disorders have been

found to contribute significantly to feeding difficulties,

and a motility expert (Zangen et al. 2003) should

evaluate such children. Any red flags such as intellec-

tual disability, recent illness/events, recent surgeries,

tone abnormalities, worsening headache, seizures,

cardiac rhythm abnormalities, sensory losses, signifi-

cant weight loss, recurrent abdominal pain, vomiting,

blood in stools, melena, bilious emesis, jaundice, ste-

atorrhea, constipation, and recurrent diarrhea should

be further investigated. A simultaneous assessment of

the child’s nutritional status is also very important. It is

not uncommon for new symptoms of motility disorder,

food allergies, and lactose intolerance to emerge after

the child has been taught to consume larger volumes,

especially if the child’s intake was never substantial to

begin with. Children with special needs like cerebral

palsy, seizure disorder with delayed milestones, con-

genital syndromes, and those with chronic diseases

like short gut syndrome or cystic fibrosis might need

the combined effort of other specialties to work toward

improving the oral intake (Table 6).

Nutritional Evaluation

Since feeding disorders can affect the growth and

nutritional status, a thorough evaluation of the child’s

growth parameters and nutritional intake is important.

Not only is it important to plot the child’s current

growth parameters on the CDC growth charts, the

growth trend also needs to be evaluated. Detailed
history of solid and liquid intake by a dietitian will

uncover any possible deficiencies in macro- and

micronutrients. Children with extreme food selectivity

are more likely to have nutritional deficiencies (Kirby

and Danner 2009) like iron deficiency anemia, Vitamin

B-12 deficiency anemia, hypocalcemia, and vitamin

D deficiency. When found, appropriate treatment

should be ensued per the most current guidelines.

Before starting feeding therapy, child’s food prefer-

ences should be noted so appropriate recommenda-

tions can be made during therapy.

Behavioral Evaluation

Assessment of behaviors during and outside of meals

is an important part of the comprehensive clinical

assessment (Kedesky and Budd 1998). Significant

deviation from normal feeding behavior affects the

caregiver’s attitude, just as the caregiver’s feeding

techniques affect child’s feeding pattern. Hence,

observation of feeding behaviors and the techniques

employed to optimize the feeding time are of tremen-

dous value, as they provide the best insight into

the most complicated aspect of this disorder. This can

be done by direct observation or viewing previously

recorded video tapes. Even though the significance of

“in-clinic” observation cannot be undermined, it is often

not representative of the “real” events. When parents or

caregivers videotape a meal session at home, the child

should be unaware of the recording. Feeding disorders in

typically developing and healthy children usually mani-

fest as behavioral difficulties. It is also important to

assess whether the feeding behaviors are appropriate

for the child’s age and neurodevelopmental status. Both

meal time and out of meals behaviors should be evalu-

ated and compared through a series of questions that can

be completed by the child’s caregiver. Table 3 lists some

of the questions that can be answered by the child’s

caregivers.

Behavioral assessment of children with special

needs has some unique challenges. These children are

often predisposed to chronic medical conditions,

which can be a significant contributor to the ongoing

feeding problem. Their neurodevelopment status,

ambulatory status, ability to express their needs and

hunger, degree of independence, motor and sensory

impairments (whole body as well as oral motor

strength), coordinating capability, and social support

can affect their feeding. The multivariable nature

makes taking care of these children more challenging.



Feeding Disorders, Table 3 Behavioral assessment

questionnaire

What are the specific problem behaviors associated with child’s

feeding?

Which behavior do you think is contributing the most to the

feeding problem?

How long have these behaviors been a part of the child’s meal

routine?

What techniques, if any, have caregivers tried out to resolve

these behaviors?

Have any of the past treatment or techniques been helpful?

Is there any particular time of the meal when the behaviors are at

their worst, like beginning, mid-meal, or at the end of the meal?

Does any particular food item or texture make them worse?

Are the behaviors in question also depicted outside of home

setting, like school, grandparents’ house, day care, and

restaurants?

What effect does distraction, with either a toy or a TV/video,

have on the behaviors?

Does the child display such behaviors toward all the caregivers?

Are such behaviors directed toward any specific individual?

Describe a particular meal time at home

If the child expresses any regressive behaviors with meals, are

they also seen in-between meal sessions?

What has been the course (getting better or worse) since the

beginning of the behaviors?

How does the child interact with other children in the family?

Do you think that eating food with the other children of the

family improves or worsens the behaviors?

Was there ever a time that the child was eating normally with

other developing children of his age?

Feeding Disorders, Table 4 Airway assessment

Audible pharyngeal secretions

Stridor

Chest retractions

Anatomic obstruction to airflow

Aspiration while feeding (History: bronchospasm, recurrent

pneumonia, chronic lung disease; Exam: tachypnea, diminished

breath sounds, inspiratory crepitations)
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However, an interdisciplinary team approach has

shown to benefit their feeding and the subsequent

quality of life (Laud et al. 2009).

Oral Motor and Speech Evaluation

All children with feeding difficulties should be

assessed for oral motor weakness, hypersensitivities,

oral motor coordination, and language delays

(Kedesky and Budd 1998). Children with such deficits

are unable to communicate effectively with their par-

ents or caregivers, which contributes to their feeding

difficulties (Fabrizi et al. 2010). Occupational thera-

pists and speech and language therapists assess the

overall neurodevelopmental status of the child as well

as the strength of muscles involved in the process of

mastication. Cranial nerve exam will reveal any abnor-

malities in the cranial nerves 9, 10, 11, 12 and hence

any disordered swallowing. Feeding trials are done to

evaluate body positioning, oral motor coordination,
and self-feeding skills. Since swallowing involves

both deglutition and respiration taking place at the

same time, upper airway assessment at rest and during

feeds becomes important, especially in patients with

clinically significant dysphagia. Children with

neurodevelopmental abnormalities are more likely to

have dysphagia and its complications. Any suspicion

of dysfunctional swallow is confirmed by a Modified

Barium Swallow study. The child consumes a pre-

ferred food item, of the texture that he is known to

tolerate (without developing any symptoms suggestive

of aspiration). Swallowing is then observed under real-

time fluoroscopy, in the presence of an occupational or

speech/language therapist, to evaluate if there is pene-

tration or aspiration into the airway.

Table 4 enlists some of the important markers of

a compromised airway and/or disordered swallowing.

Psychosocial Evaluation

Psychosocial evaluation involves a pediatric psychol-

ogist with expertise in childhood feeding disorders.

The psychologist assesses the quality of parent–child

interaction during and out of mealtimes and any

adjustment problems or psychopathology in the par-

ticipants in the feeding relationship and evaluates the

child for any cognitive or developmental problems.

Presence of multiple stressors in the family, even if

not directly involving the child, can have significant

impact on child’s eating patterns (Kedesky and

Budd 1998).
Investigations

Once clinically significant medical symptoms are iden-

tified in a child with a feeding disorder, they must be

completely investigated. Some of the most commonly

ordered tests and lab evaluations, with their medical

conditions, are listed in Table 5. This is a comprehen-

sive list, but is not uncommon for physicians to order
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Symptom/sign Differential diagnoses Possible tests/procedures

Nausea, emesis, abdominal pain Gastritis, duodenitis,

esophagitis, GERD, peptic

ulcer disease

Esophagogastroduodenoscopy

Multiple intraluminal impredance

pH monitoring

Upper GI motility studies

Choking on feeds, drooling, recurrent Pneumonias,

prolonged feeding time

Dysfunctional swallow Modified Barium Swallow study

(MBS)

Failure to thrive Malabsorption syndromes Nutritional assessment with

hemoglobin

Serum calcium

Vitamin D levels

Bone density assessment

Stool tests for malabsorption (fat,

protein)

Chronic abdominal pain, dizziness, dyspepsia,

weight loss, alternating constipation and diarrhea,

s/p resection, positive family history

POTSa CT scan

Malabsorption Small bowel biopsy and brushing

Short gut syndrome

Small bowel resection EGD

Celiac disease Antroduodenal manometry study

Small bowel motility disorder Celiac Panel

Irritable Bowel syndrome

Chronic constipation, abdominal pain, bleeding per

rectum, anal fissures, fecal soiling, positive family

history for inflammatory bowel disease

Inflammatory bowel disease CT scan

Hirschsprung’s disease MRI

Colonic motility disorders Genetic and inflammatory markers for

IBD

Colonoscopy with biopsies

Rectal suction biopsy

Colonic motility studies

Anorectal motility studies

Delayed milestones, muscle weakness, fidgety, short

attention span in more than one setting

Autism Detailed neurodevelopmental

assessment with ADHD questionnairesCerebral Palsy

ADHD

Staring spells, involuntary movements Seizure disorder EEG

Movement disorder CT scan

MRI

Movement studies

aPOTS postural orthostatic tachycardia syndrome
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additional rare and more sophisticated tests and

procedures, in order to ensure appropriate diagnosis

and management.
Treatment

Due to its team approach and prolonged, persistent

intensive management the treatment of feeding disor-

ders is at times referred to as Feeding therapy.
Effective management of feeding disorders in

children requires a multidisciplinary team approach.

This may be initiated once the child is considered

medically stable to undergo therapy after a detailed

medical assessment. Such an interdisciplinary team

can include a gastroenterologist, nutritionist, otolaryn-

gologist, behavioral psychologist, occupational thera-

pist, and a social worker, with each member having

defined roles and responsibilities. This is illustrated in

Table 6.
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Team member Role

Physician Developmental assessment

Management of active medical

conditions

Recommend appropriate diagnostic

tests

Assessment of oral feeding safety

with different textures

Occupational therapist/

speech therapist

Assess and treat oromotor, fine motor,

and sensory skills

Increase competencies through skill

acquisition

Assess and modify posture and

positioning

Recommend appropriate utensil

usage

Nutritionist Evaluate nutritional status

Assessment of current diet

Monitor daily caloric and fluid intake

Assist in preparation of meals

Caregiver education

Behavioral therapist Assess and treat mental health

Eliminate interfering behavior and

develop appropriate behaviors

Behavioral and skills training to

increase daily functional capacity

Decrease caregiver stress and increase

caregiver functioning

Conduct parent training

Social worker Evaluate family functioning and

support system

Evaluate caregiver stress and coping

mechanisms

Provide resources to improve coping

skills

Mediate between team and caregiver

Secure community services
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It is important to remember that children with inad-

equate oral intake, malnutrition, and failure to thrive

might need supplemental enteral feeding via

a nasogastric or gastrostomy tube prior to the initiation

of therapy.

All meals (3 meals with 1–2 snacks per day) during

therapy are conducted in a room, under direct observa-

tion of behavioral therapists through one-way mirror.

The primary caregiver is asked to conduct the meals for

the first 1–2 days, so a baseline is established and

initial goals are set. The behavioral therapists make

appropriate behavioral recommendations after carefully
observing child’s behavior and temperament. Such

modifications are introduced one at a time and the

progress of the child noted with the help of highly

sophisticated software, which provides detailed statisti-

cal analysis. Numerous studies have shown successful

results of applied behavior analysis in children with

food selectivity, food refusal, and disruptive meal

behaviors (Levine et al. 2011; Woods et al. 2010).

Pediatric nutritionists assess daily calorie and

fluid intake; make recommendations about foods

with adequate nutritional value, tube feeding

management, and food preparation and storage.

They also educate the caregiver about appropriate

food choices.

Outside of meal times, the child undergoes inten-

sive occupational and speech/language therapy daily,

focusing on the areas of weakness. A detailed record

is kept for the child’s progress over the next

4–8 weeks and modifications made on an as needed

basis. The initial goals are revisited depending on the

child’s progress. Over the course of intensive therapy,

individualized attention is given to factors which are

found to be the most important barriers to normal

feeding.

For children who are unable to handle higher tex-

ture foods, occupational and speech therapists slowly

introduce small quantities of higher texture foods.

Direct and indirect approaches may be used to improve

oral sensorimotor function. Direct approaches include

“oral exercises” to stimulate cheeks and lips for

improved function and encourage oral exploration.

This may be aversive for the child and stimulate oral

secretions. Indirect approaches include altering the

environment so as to reduce distractions, ensuring

appropriate positioning and seating so there is better

support for feeding, and improving communication

signals by using visual or tactile cues. Alterations in

the physical properties of the food (texture, taste and

temperature), size of bolus and changing the interval

for food presentation are other approaches used to

improve sensorimotor function.

Once the child accepts a new texture, it is then

introduced into the meal sessions, where behavioral

therapists work with the behaviors associated with the

higher texture food. Reward techniques, distraction, and

positive and negative reinforcement techniques are

some of the methods utilized by the behavioral thera-

pists to increase desired behaviors or decrease undesired

behaviors. Recommendations aremade keeping inmind
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what would be practically feasible at home, to allow for

as smooth a transition as possible.

The physician/gastroenterologist also evaluates the

child daily and intervenes for any alarming or new

signs and symptoms.

The primary caregiver is present during all the

therapy sessions, unless certain behaviors are worse

in their presence. The team evaluates any problematic

interaction between the child and the caregiver. At the

same time, out of meal behaviors that interfere with

a positive parent–child interaction or contribute to the

inside-meal negative behaviors need to be addressed.

The caregiver initially observes the therapy, is gradu-

ally “faded” into the mealtime, and finally completes

the feeding session independently.

Children with significant deviations from normal

feeding behavior need Intensive therapy, which could

be administered in an inpatient setting or in an

outpatient-feeding program. This depends on the

resources available. Usually medically fragile children

and children with extreme behaviors are admitted to an

inpatient unit for feeding therapy. The duration of

Intensive therapy is from 4 weeks to 12 weeks. Inten-

sive outpatient therapy requires the child and caregiver

to be at the Feeding Clinic 6–8 h daily for 6–12 weeks.

All the team members meet 1–2 times/week to

discuss progress and make any necessary changes.

The primary caregiver is updated about their child’s

progress. The decision to terminate the intensive-

therapy is based on the success of the child. If the

child has achieved the pre-set realistic goals and is

able to maintain a healthy oral intake, the intensive

therapy is terminated and the child is transitioned to

home. It is critical to closely follow up on the child

after being discharged, as it is not uncommon to see

reversal of behaviors once the child goes back home.

Occasionally key members of the team make special

home visits to “fine-tune” the meal sessions and make

new recommendations, if needed. The team might also

decide to have the child and the family come to the

clinic for a more prolonged meal session, to

re-evaluate the mealtime behaviors.

In summary, therapeutic techniques and modifica-

tions are available to treat pediatric feeding disorders

effectively. However, the evaluation and management

is a complex process and it can be challenging to

address social, medical, psychological, and environ-

mental factors. All available resources should be

mobilized to treat the multifactorial and complex
nature of pediatric feeding disorders. A cohesive

team and a multidisciplinary approach is the key to

successful outcomes (Miller 2009).
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Definition

Redundant folds of lax skin and orbicularis oculi of the

lower eyelid and cheek. An age-associated anatomic

deformity whose removal can be performed either by

direct excision or extended lower blepharoplasty

techniques.
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Introduction

The mandible may need to be resected or removed for

many reasons. Reconstruction of these mandibular

defects whether they result from benign and

malignant oncologic surgery, osteoradionecrosis, or

severe▶ trauma continues to challenge head and neck

reconstructive surgeons. The issues surrounding post-

operative recovery can be complex and result in sig-

nificant healing problems. These defects leave the

patient with a severe degree of functional and cos-

metic disability. Quality of life can be negatively

impacted with devastating results. In the past, such

composite defects have been reconstructed with

nonvascularized bone grafts or soft tissue reconstruc-

tions with a bridging reconstructive plate.

Historically, soft tissue flaps combined with bridging

reconstructive plates had variable success and high

rates of plate extrusion, especially for anterior man-

dibular defects (Head et al. 2003; Wei et al. 2003).

The ability to reconstruct composite soft tissue defects

with similar composite vascularized soft tissue has

revolutionized the postoperative rehabilitation of these

patients. Depending on the location and extent of the

mandibular defect and the underlying indication

for reconstruction,▶ free tissue transfer with soft tissue

alone or combined with bone is now more commonly

chosen for mandibular reconstruction.

Recent literature examining head and neck

reconstruction confirms that the optimal reconstruc-

tive method to improve the function and quality of life

http://dx.doi.org/10.1007/978-3-642-23499-6_850
http://dx.doi.org/10.1007/978-3-642-23499-6_827
http://dx.doi.org/10.1007/978-3-642-23499-6_64
http://dx.doi.org/10.1007/978-3-642-23499-6_463
http://dx.doi.org/10.1007/978-3-642-23499-6_463
http://dx.doi.org/10.1007/978-3-642-23499-6_101099
http://dx.doi.org/10.1007/978-3-642-23499-6_150


Fibula Free Flap, Table 1 The characteristics of the various

bony flaps used for mandibular reconstruction are defined
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of these patients has shifted to free tissue transfer

(Smith et al. 2007; Bozec et al. 2008).
Flap

Bony

characteristics

Soft tissue

characteristics

Ability to place

dental implants

Fibula >20 cm Large Excellent

Thick Tethered by

septum

Many

osteotomies

Thick

Radial 10 cm Large Not possible

Thin Very malleable

Single osteotomy Thin

Scapula 10 cm Large Excellent

Thick Malleable

Single osteotomy Thick
Mandibular Reconstruction

The goals of ▶mandibular reconstruction are similar

to the goals of reconstructive surgery in the head and

neck: mainly to restore form and function. This

includes (1) restoration of mandibular continuity with

appropriate projection and width of the lower 1/3 of the

face and (2) functional considerations including under-

standable speech, oral competence, return of sensation,

and potential dental restoration while enabling the

patient to have adequate mastication and deglutition

to allow for oral nutrition. At the present time, no

single free flap allows for a comprehensive reconstruc-

tion for a segmental mandibular defect that restores

complete form and function. The three most common

bone flaps that are utilized are the ▶fibula, the radial

forearm, and the ▶ scapula. Other flaps including

vascularized serratus with rib have been described.

Soft tissue characteristics and amount of bone to be

replaced all play into determining which bone flap to

use in the particular patient (Table 1).

The focus of this entry is on the vascularized fibular

flaps. It is the most common and allows for adequate

bone stock to take dental implants. It also comes with

an acceptable soft tissue component that allows recon-

struction of the soft tissue defect. Lateral segmental

defects less than 5 cm and benign mandibular lesions

that do not require postoperative radiotherapy and

traumatic defects less than 5 cm are often treated

with nonvascularized bone grafts. The remainder of

this entry will review the use of the vascularized fibula

osteoseptocutaneous flap as it remains the most com-

mon flap for reconstruction of composite mandibular

defects.
Fibula Free Flap

The fibula free flap was first described by Taylor in

1975 with a subsequent series for mandibular recon-

struction published in 1989 by Hidalgo (Hidalgo

1989). It remains the most frequently used osseous

flap for mandibular reconstruction with multiple

advantages compared to other osseous flaps such as

the radial forearm or the scapula. Not only does it have
better bone for rehabilitation but the overall donor site

morbidity is felt to be less than other bony flaps. Other

characteristics of this flap are the reliable and consis-

tent vascular anatomy. Finally, the flap allows for

a two-team approach with the ablative and reconstruc-

tion teams being able to work simultaneously.

The fibular bone has dense cancellous bone quality

and can provide up to 25 cm of bone stock thereby

providing for multiple osteotomies and total mandibu-

lar reconstruction. The dense bone allows for place-

ment of osseointegrated implants for dental

rehabilitation with the caveat that these implants tend

to be quite costly and are seldom covered by insurance.

When eligible, implants can be placed at the time of

initial surgery or after appropriate healing time follow-

ing radiation. Patients with large mucosal or external

skin defects in combination to the bone may require

two flaps or a fibula flap with two skin paddles for

proper reconstruction (Kuo et al. 2010) (Fig. 1).
Anatomy

The popliteal artery bifurcates into the anterior tibial

artery and the tibial/peroneal trunk. The tibial/peroneal

trunk subsequently divides into the posterior tibial artery

and the peroneal artery. The latter runs medially along

the entire fibula remaining stable in caliber. The anterior

tibial vessels lie in the anterior compartment and course

down the leg medial to the tibia on the interosseous

membrane. Distally, it is palpated on the dorsum of the

foot between the 1st and 2nd toes as the dorsalis pedis.

http://dx.doi.org/10.1007/978-3-642-23499-6_74
http://dx.doi.org/10.1007/978-3-642-23499-6_158
http://dx.doi.org/10.1007/978-3-642-23499-6_100941
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the thick bone and the skin that is tethered to the bone by the

septum, through which the vascular supply runs

Fibula Free Flap 927 F

F

The posterior tibial vessels lie in the posterior compart-

ment deep in the leg and course down the leg between

the posterior tibialis and soleus muscles. Distally, it is

palpated posterior to the medial malleolus.

After bifurcating from the posterior tibial artery/

vein, the peroneal vessels lie in close proximity to the

fibula, coursing the entire distance of the bone along

its medial aspect. The artery is accompanied by paired

venae comitantes. Pedicle diameter generally allows

for straightforward anastomosis. The paired venae

comitantes are often 4.0 mm or larger. Rarely do the

two veins come together into a single vessel. Thus,

one should prepare two large veins in the neck. The

peroneal artery is consistently 2.5–3.5 mm in

diameter.

The peroneal artery provides the blood supply to the

fibula via an endosteal and periosteal supply with the

latter being crucial for the creation of wedge

osteotomies that allow the bone to be contoured for

mandibular reconstruction. The fibular bone may be

harvested with a portion of proximal or distal skin with

the underlying cuff of flexor hallucis longus and soleus

muscles along the medial aspect of the leg.

The skin paddle is supplied by perforators from the

peroneal vessels that enter the skin via the posterior

crural septum as septocutaneous perforators or as

musculocutaneous perforators that pierce the flexor

hallucis longus and soleus muscles. The septum is

identified just lateral to the flexor hallucis longus

muscle on the posterior aspect of the fibula. One to

three perforators are identified for skin harvest. They
can be identified preoperatively with formal angio-

gram or can usually be identified just prior to incision

with a handheld Doppler.

Following anterior skin incision, the

septocutaneous perforators usually are directly visual-

ized lateral to the fibula in the fasciocutaneous poste-

rior crural septum, but may supply the skin as

musculocutaneous perforators that enter the septum

more laterally to supply the skin, sometimes referred

to as septomuscular perforators (Schusterman et al.

1992). Others report that these perforators are

musculocutaneous in nature and may not enter the

septum and can only be preserved by harvesting

a cuff of flexor hallucis longus and soleus muscles.

The soft tissue can be used for intraoral and/or external

skin resurfacing which affects the selection of ipsilat-

eral vs. contralateral fibula selection.
Preoperative Evaluation

Because of the high prevalence of peripheral vascular

disease in head and neck cancer patients, preoperative

examination of the legs for signs of vascular insuffi-

ciency is required. Besides palpating the patient’s

dorsalis pedis and tibialis posterior pulses, one can

obtain bilateral arterial duplex blood flow studies

using ultrasonography to assess collateral perfusion

of the foot. Other methods include magnetic resonance

angiography or CT angiogram to assess the adequacy

of collateral circulation to the foot.

While variations of the lower leg anatomy are

uncommon, they are important to identify if a fibular

flap is planned. When a dominant peroneal artery

exists, pedal circulation is more dependent on this

vessel. Sacrifice of the peroneal artery in such cases

renders the foot susceptible to ischemia when the fibula

flap is harvested.
Contraindications

Older individuals may also have diffuse vascular dis-

ease of the fibula. The lower limb and foot may have

adequate vascular supply, both input and output, on

examination. However, sacrifice of the peroneal vessel

with extensive dissection of the lower leg may lead to

prolonged healing issues. Any sign of abnormal skin or

vascular status in the lower limb should prompt



Fibula Free Flap, Table 2 Determining which leg to harvest

the fibula from depends on the side of the neck that you will use to

perform the anastomosis and the location of the bony defect

Bony defect

Soft tissue

defect Side fibula is harvested from

TMJ, ascending

ramus

Mucosa Ipsilateral

TMJ, ascending

ramus

Skin Contralateral

Lateral mandible Mucosa Contralateral

Lateral mandible Skin Ipsilateral

Anterior mandible Mucosa Contralateral to side of neck

where anastomosis is to be

performed

Anterior mandible Skin Ipsilateral to side of neck

where anastomosis is to be

performed
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a preoperative vascular analysis, or consideration of

a different flap.

Abnormalities of the lower leg vascular anatomy

may preclude safe harvest of the fibula; these include

a dominant peroneal circulation with underdeveloped

anterior tibial vessels or an enlarged peroneal artery

which provides the dominant blood supply to the foot.

Alternate flap selection is recommended when the

peroneal artery is the dominant source of inflow, for

patients with absent anterior tibial vessels, or for those

with significantly impaired circulation to the leg.

Caution is advised in patients who have had exten-

sive leg trauma or surgery. Patients with significant

comorbidity, such as poorly controlled diabetes, severe

venous stasis, or other circulation disorders, may not

be ideal candidates for this flap.
Flap Harvest

The choice of which leg to use for reconstruction

depends on the part of the bone and where the skin/

mucosal defect is. In general, the ipsilateral fibula is

chosen for mandibular defects that include the ascend-

ing ramus of the mandible and/or condyle (Wax et al.

2000). This allows for optimal placement of the pedi-

cle so as to allow it to reach into the ipsilateral neck

with no need to vein graft. In this setting, the skin is

used for intraoral replacement. When the recipient

vessels in the neck are contralateral to the mandibular

defect, an ipsilateral flap should also be used.

A contralateral fibula is selected for anterior and lateral

mandibular defects to improve recipient vessel geom-

etry. To orient the peroneal pedicle anteriorly, one

should select an ipsilateral fibula, whereas orienting

the peroneal pedicle posteriorly leads the surgeon to

select a contralateral fibula (Table 2).

One must also consider the soft tissue defect with

fibular selection as intraoral skin defects are more

easily reconstructed with a contralateral fibula while

external skin defects may be easier to reconstruct with

an ipsilateral fibula. Recipient artery and vein location

remains the primary determinant to ipsilateral or con-

tralateral fibula selection. A mandibular reconstructive

plate which may be prebent to a sterolithographic

model or contoured to the mandible prior to resection

is used for the reconstruction.

Rarely is it necessary to use a tourniquet for fibula

harvest. Occasionally, one will encounter a patient that
has large venous varicosities that make dissection dif-

ficult. In these instances, a tourniquet may help. The

other alternative is to use a different flap.

A Doppler may be used along the posterior-lateral

aspect of the fibula at the junction of the middle and

lower third of the fibula to identify cutaneous perfora-

tors. Prior to beginning the fibula harvest, the split

thickness skin graft is harvested from over the

expected soft tissue skin island defect, thereby elimi-

nating a skin graft donor site that was previously

harvested from the thigh (Kim et al. 2008). An anterior

linear incision along the lateral aspect of the fibula

including the skin/dermal paddle overlying the identi-

fied cutaneous perforators that run within the posterior

crural septum is performed next. The skin paddle is

harvested slightly larger than the anticipated defect.

With the anterior portion of the skin paddle

outlined, you than reflect the peroneus muscles and

extensor hallucis longus muscles anteriorly off the

fibula being careful to remain close to the fibula to

avoid inadvertent injury to the more medial anterior

tibial artery which is subsequently identified and pre-

served. Osteotomies are made thru the fibula with

a sagittal saw, while harvesting the maximal amount

of fibula. Be sure to preserve 8 cm of proximal and

distal fibula to avoid injuring the peroneal nerve and

maintaining support of the ankle mortise, respectively.

The interosseous membrane is divided which affords

lateral retraction of the fibula. Incising the interosseous

membrane brings one to the posterior compartment and

exposes the chevron-shaped posterior tibialis muscle.



Fibula Free Flap, Fig. 2 An anterior mandible defect is pre-

sent. The mandible has been resected from the angle to angle

Fibula Free Flap, Fig. 3 The fibula has had two osteotomies

performed the shape it into a mandible. A reconstruction plate

has been used to stabilize it until it heals
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Two Dingman bone clamps are placed on the

osteotomized ends of the fibula for lateral retraction.

The peroneal artery and vein are identified just deep to

the chevron-shaped posterior tibialis muscle adjacent

to the distal fibula osteotomy. Next, dissect the vascu-

lar pedicle, transecting the posterior tibialis from distal

to proximal until the posterior tibial artery/vein bifur-

cation is encountered. Following completion of the

head and neck ablation, preparation of recipient cervi-

cal vessels, and proper placement of a reconstruction

plate, the vascular pedicle is ligated and the fibula is

osteotomized on the back table to fit the mandibular

defect (Fig. 2).

Osteotomies are performed on a back table making

sure that precise fibula to mandible contact will occur

to ensure postoperative healing and avoidance of bony

nonunion. The fibula is inset and plated with 8-mm

monocortical screws with the vascular pedicle lying

lingual to the flap (Fig. 3). The soft tissue portion of the

flap is used to close the oral cavity defect, and the

microvascular anastomosis is completed using stan-

dard techniques. The leg is then closed, either with

the previously harvested split thickness skin graft

with topical Xeroform dressing, or closed primarily if

no soft tissue was harvested with fibula.
Postoperative Care

Postoperatively, the flap is monitored utilizing clinical

signs of viability with the aid of either an implantable

arterial or venous Doppler monitor. Using an arterial or
venous implantable Doppler decreases the frequency

of return trips to the operating room for undetected

intraoperative partial arterial and venous thromboses

(Wax and Angelos 2011). By using the implantable

Doppler intraoperatively, you can improve the accu-

racy of the arterial and venous anastomosis patency

assessment. The use of the Doppler device allows one

to detect problems with the anastomosis prior to the

patient leaving the operating suite. It is possible to

decrease the postoperative revision rate by 50% using

these instruments. These reconstructions almost

always involve a skin paddle that is easily accessed.

The skin paddle is examined in addition to the Doppler.

Any sign of vascular compromise, venous or arterial,

prompts a return to the operating room for possible

anastomotic revision. Many different anticoagulating

pharmaceuticals have been used in an attempt to

improve flap survival. There has not been much

published to demonstrate there is any efficacy in

using them. Giving prophylactic aspirin, heparin, or

low molecular weight heparin postoperatively is not

necessary unless there is recurrent arterial or venous

thromboses intraoperatively that is independent of

microvascular technique.

A below-the-knee walking boot or CAM boot is

used postoperatively for 4–6 weeks until the donor

site is completely healed. Patients are encouraged to

be partial weight-bearing status on postoperative day 2

and full weight bearing with the use of a walker if

necessary on postoperative day 5. The skin graft site
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Fig. 4 This panorex

demonstrates a well-healed

fibula prior to placements of

dental implants
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is taken down on postoperative day 5. Physical

therapy is instituted and continued postoperatively to

limit donor site morbidity. If no complications

arise, oral diet is generally initiated 2–3 weeks

postoperatively (Fig. 4).
Complications

Harvesting a fibula flap is generally well tolerated in

this patient population with a low major complication

rate and acceptable minor complication rate (Virgin

et al. 2010). Flap loss is by far the most morbid com-

plication that is encountered. The incidence of flap

failure is not significantly higher with this flap than

with other free flaps used in reconstruction of head and

neck defects. The majority of complications are related

to the donor site. Minor complications include com-

plete or partial loss of skin graft and local infections.

Major donor site complications include compartment

syndrome which is generally avoided by using a split

thickness skin graft for closure and suction drains to

avoid hematoma formation. Foot ischemia rarely

occurs, but mandates urgent assessment and manage-

ment. Ankle instability is avoided by preserving the

distal 6–8 cm of fibula for the ankle mortise. Gait

changes may occur and are often related to harvesting

large portions of soleus and gastrocnemius that is

sometimes used for soft tissue filler in the neck to
avoid additional flaps. Chronic lower extremity pain

is rarely reported. Overall, harvest of the fibula is

generally well tolerated. Even in patients that have

both fibulas, harvested the expected lower limb func-

tion can be quite good (Ghaheri et al. 2005).

Head and neck complications are lower when only

an osseous fibula flap is used. However, plate exposure

or extrusion, infection, and nonunion can still occur

with free tissue transfer. Patients may report postoper-

ative pain or clicking with mastication or jaw opening

which may be a sign of nonunion. Exposed or extruded

hardware is generally removed after an appropriate,

but unknown, period has elapsed to allow for bony

union.
Future Directions

Preoperative computer design and sterolithographic

modeling has been developed to allow precise place-

ment of osteotomies and planning for bony reconstruc-

tion in select patients. This technology is helpful in

both routine and difficult post-ablative reconstructions.

Preoperative planning is performed on a virtual

three-dimensional CT model where the resection

margins and mandibular and fibular osteotomies are

chosen. This provides the ablative surgeon with

cutting guides fit to the native mandible for

osteotomies. A prebent reconstructive plate based on



Fibula Free Flap, Fig. 5 This 3D stereolithic model demon-

strates a computer-generated photo of the mandible with the

tumor removed. The bony defect is demarcated and a proposed

plate and fibula are demonstrated
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a sterolithographic model from the virtual reconstruc-

tion is matched to a sterolithographic model based on

the CT model. A planned virtual fibula is then inset

which again allows planned osteotomies and provides

the reconstructive surgeon with a cutting guide to place

on the fibula (Fig. 5). This assists with fibular insetting

and provides greater operative efficiency. Few out-

comes data and cost analyses are available, but certain

benefits to the surgeon and patient are readily evident

and include decreased operative time, possibly more

accurate occlusion, and improved facial projection.

Exactly where this will fit in the reconstructive para-

digm is not yet known.
Conclusions

The fibula free flap continues to be a workhorse flap for

mandibular reconstruction following post-ablative

resection, osteoradionecrosis, or severe facial trauma.

It provides restoration of mandibular contour after

appropriate osteotomies and plating are completed.

The soft tissue skin island can be used for intraoral or

external skin reconstruction with improvement in skin

color often seen following irradiation or continued sun

exposure. Patients often have an excellent functional

outcome, although this is somewhat dependent on the

extent of resection and whether the patient is
a candidate for dental implants or dentures. The

donor site morbidity is reasonable, with most patients

returning to their preoperative activity level.
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Synonyms

Field cancerisation
Definition

Field cancerization is the development of an abnormal

area of epithelium in which cells share a collection of

early changes in the process of transformation towards

malignancy.
Head and Neck Squamous Cell Carcinoma
(HNSCC)

Head and neck squamous cell carcinoma is the sixth

most common cancer in the world with a yearly inci-

dence of 600,000 cases (Leemans et al. 2011).

The average age of patients at diagnosis is �65 years.

The main aetiological risk factors were traditionally

the smoking of tobacco and consumption of alcohol,

with the chewing of betel quid an additional factor on

the Indian subcontinent. Heavy smokers under the age

of 46 suffer a 20-fold increased risk of oral or oropha-

ryngeal cancer compared to nonsmokers, and heavy

drinkers attract a fivefold increased risk. Interestingly,

smoking and alcohol use act synergistically to produce

a 50-fold risk if used together (Hunter et al. 2005).

Microarray experiments in smokers have shown

changes in the expression of recognized genes

involved in adhesion, invasion, and antioxidant regu-

lation. While most of these genes’ expression normal-

izes 2 years after cessation, some only normalize after

30 years (Hunter et al. 2005). Human papilloma virus

(HPV) transmitted through oral sex has been recog-

nized as causative in recent years and is now producing

a cohort of younger patients (Leemans et al. 2011).

The average 5-year survival rate, pooled for all stages
of disease, is 40–50% for HNSCC and despite

advances in management producing improved local

tumor control, mortality figures have not improved

significantly for over 2 decades (Leemans et al.

2011). Early stage cancers, accounting for a third of

presentations, carry a better prognosis with the major-

ity of treatments resulting in cure (Braakhuis et al.

2005). In addition, the HPV-related group appear to

respond more favorably to treatment although the

exact reasons for this are under investigation.

The external skin of the head and neck is a further

site for carcinoma development. Nonmelanomatous

skin cancers are the most common cancers in humans,

and mostly arise from exposure to ultraviolet radiation

in sunlight (Apalla et al. 2010). Basal cell carcinomas

are normally relatively slow growing and invade

locally with low metastatic potential. Conversely,

squamous cell carcinomas grow more rapidly and

metastasize with greater frequency. While basal cell

carcinomas tend to arise without a visible precursor

lesion, SCCs commonly arise from actinic keratoses.
The Multistep Process of Carcinogenesis

Carcinoma develops when cells of epithelial origin

undergo successive genetic mutations resulting in

a change in their appearance and behavior. This change

is characterized by unregulated replication, altered cell-

to-cell interactions, invasion through basement mem-

branes, and stimulation of the surrounding stroma to

provide a nutrient blood supply. The multistep hypoth-

esis of carcinogenesis, originally arising from

Knudson’s “two hit hypothesis” describes how the cel-

lular DNA accumulates an estimated 3–12 successive

significant changes in order to generate this change in

cell phenotype (Rhiner and Moreno 2009). The DNA

mutations modify the expression of both proto-

oncogenes and cell-cycle-regulating tumor suppressor
genes, and depending on the particular cell functions

affected, a variable number of mutations are required to

produce the malignant phenotype. Exogenous carcino-

gens act as initiators to bring about a direct change in the

DNA while promoters increase the frequency of cell

turnover maximizing on the effect of the initiator and

increasing the likelihood of further mutation. The

multistep hypothesis has been validated in many

organ systems and equally holds true in the head and

neck (Chai and Brown 2009).

http://dx.doi.org/10.1007/978-3-642-23499-6_100386
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Residual Disease, Recurrent Disease and the
“Second Primary”

Unfortunately, despite the best efforts of a surgeon,

histological examination of an excised tumor does

sometimes reveal tumor abutting the surgical margin.

In such cases it must be assumed that tumor remains

in the patient, and further treatment is indicated.

The remaining area of primary tumor, which must be

addressed, is termed residual disease.
Despite effective treatment of early mucosal SCCs

with surgery or radiotherapy, further tumors still fre-

quently arise in the aerodigestive tract following treat-

ment. If the lesion arises within 2 cm of the location of

the primary tumor and within 3 years of its diagnosis it

has traditionally been termed recurrent disease, while
lesions developing after 3 years or more than 2 cm

from the primary site have been termed “second pri-

mary” tumors (Braakhuis et al. 2005). On occasion,

a geographically separated mucosal tumor can be

found at the same time, or within 6 months, of the

diagnosis of a primary tumor. This is termed

a synchronous tumor and differs from metachronous

tumors, which are temporally separated by at least

6 months.

The annual incidence of second primary SCC

tumors in the head and neck is approximately 3% for

all sites, but has been documented as high as 8.5% per

year following oropharyngeal primary tumors

(Yamamoto et al. 2002). Combined with genuine

locoregional recurrence and distant metastatic spread,

they account for much of the mortality associated with

head and neck SCC, and singularly for most of the

mortality following successfully treated early stage

primary disease.
The Original “Field Cancerization”
Hypothesis

In 1953, 783 specimens of excised SCC from the lip,

oral cavity, and pharynx were retrospectively exam-

ined (Slaughter et al. 1953). It was found that around

the visibly abnormal tumor tissue lay areas that

appeared normal to the naked eye but histologically

displayed epithelial hyperplasia, hyperkeratinization,

dyskaryosis, and capillary telangiectasia. In addition,

in some specimens, there were further separate foci of

carcinoma in situ or invasive SCC within the tissue
surrounding the main specimen. The subsequent

records of these patients were then reviewed and 88

(11.2%) were found to have developed at least one

further SCC in the upper aerodigestive tract. This

frequency was far higher than was statistically likely

by chance alone. They concluded that there was “a
regional carcinogenic activity of some kind, in which

a preconditioned epithelium has been activated over

an area in which multiple cell groups undergo
a process of irreversible change towards cancer.”

They went on to predict that “oral epidermoid carci-

noma arises from multifocal areas of precancerous
change and not from one cell that suddenly becomes

malignant.” This was the first suggestion that SCCs

arose from a premalignant “field” of cells.
Molecular Developments

It has proven difficult, on the basis of histology alone,

to assess the risk of these visibly dysplastic fields

proceeding to cancer. Although patches of oral

erythroplakia have a significantly higher risk than

leukoplakia (50% vs. 2–5% over 10 years), reliable

prognostication for different severities of leukoplakia

has been elusive (Hunter et al. 2005).

Various laboratory techniques have allowed us to

explore the abnormalities in pre-neoplastic cells more

fully. Fluorescence in situ hybridization (FISH) can

be used to identify losses or translocations of DNA

segments from chromosomes. DNA sequencing of

known genes can allow comparison between tumor

and non-tumor DNA. This enables identification of

the site and nature of the mutations. DNA and micro

RNA arrays are used to analyze the expression pro-

files of a number of genes simultaneously. The protein

product of DNA and RNA can also be analyzed by

various techniques (aka proteomics) allowing identi-

fication of changes in protein architecture and

expression.

Studies have shown that lesions at successive points

along the normal-dysplasia-neoplasia pathway show

an increasing number of sites of loss of heterozygosity

(LOH) (Califano et al. 1996). Common reasons for

these mutations include chromosomal losses, which

occur in many HNSCCs at 3p21, 9p21, 13q21, and

17p13 loci. Chromosomal length increases have been

seen at 3q26 and 11q13 (Braakhuis et al. 2005). 17p13

mutations are thought to include TP53, the gene
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Gene Location Protein Role Normal protein function Features in HNSCC

erbB-1 7p11 EGFR PO Transmembrane tyrosine

receptor kinase

Overexpressed in 67% HNSCC

Variable effect depending on mutation

MET 7q31 HGFR PO Receptor tyrosine kinase Effect on cell growth, motility and angiogenesis

CCND1 11q13 CyclinD1 PO Cyclin protein – complexes with

cyclin-dependant kinases

Amplified in 20–80% HNSCC

May push cell through G1/S

PIK3CA 3q26 P110a PO Cell signaling, phosphorylation Mutations in 10–20% HNSCC

Role in migration and invasion

p16INK4A 9p21 p16 TSG Inhibits cyclin-CDK complex Lost in 52–82% HNSCC

Associated with metastasis

TP53 17p13 p53 TSG Cell-cycle control at G1/s Mutated in 40–50% of HNSCC

Apoptosis and DNA repair Overexpression ¼ poor prognosis

PTEN 10q23 PTEN TSG Inhibition of PI3K pathway Mutations/deletions in 10% HNSCC

SMAD4 18q21 SMAD4 TSG Gene transcription regulation Mutated in 2/8 HNSCC cell lines

Knockout in mice produces HNSCC
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encoding P53, which is a key regulator of the cell cycle

and apoptosis. The 9p21 locus is thought to include

INK4a, the tumor suppressor gene encoding the key

cell regulator protein p16. Mutations at this locus and

3p21 appear to be frequent early sites of mutation in

the multistep process of carcinogenesis (Califano et al.

1996) (Table 1).

Using these molecular techniques it has become

possible, to some extent, to stratify the risk of malig-

nant transformation of some premalignant lesions.

Oral leukoplakias demonstrating aneuploidy have

been shown to be more likely to progress to malig-

nancy, and to do so with aggressive features. P16 and

combined p16/p53 status have been shown to have

some prognostic value in laryngeal dysplasia, and p53

expression above the basal epithelial layer, or allelic

imbalance at certain key genes (e.g., 3p14) is thought

to have some predictive value for oral dysplasia

(Hunter et al. 2005). In dysplastic oral lesions, loss

of heterozygosity at 3p and/or 9p is associated with

a 25% 3-year risk of malignant progression, but inter-

estingly, excision of the clinically visible lesion does

not reduce the risk (Lippman and Heymach 2007).

Following excision of an oral tumor, 3p and 9p loss

of heterozygosity in an area of adjacent leukoplakia

carries a 26-fold increased risk of a second oral malig-

nancy, while the histological identification of moder-

ate or severe dysplasia only carries a 1.7-fold risk

(Rosin et al. 2002). Clearly, these molecular markers

offer better prospects for risk stratifying pre-

neoplastic lesions. Our knowledge of the genes
encoded at many of these and other foci, and their

role in carcinogenesis is yet to be elucidated but is the

subject of ongoing research.

The histologiocally abnormal tissue immediately

surrounding tumor has been shown to possess many

of the same genetic abnormalities present in the pri-

mary tumor. The primary tumor has additional muta-

tions, above and beyond those of the surrounding

tissue, presumably accounting for its additional malig-

nant behavior (Califano et al. 1996). It has subse-

quently been identified that a yet wider field exists,

which histologically appears normal but contains

genetic and molecular markers of progressing carcino-

genesis. These genetically abnormal fields are often

incompletely excised by surgical treatment of the pri-

mary tumor as they are large and invisible to the naked

eye (Braakhuis et al. 2005). What is more, they are not

seen on histological inspection of a surgical specimen

since insufficient genetic mutations have accumulated

to cause visible changes in cell architecture or position.

As a result, a pre-neoplastic field, containing some

mutations on the pathway toward carcinogenesis,

remains in situ around the excised tumor, with poten-

tial to collect further genetic damage and progress

toward invasive cancer. Efforts to improve the

intraoperative visualization of abnormal mucosa have

utilized autofluorescence and toluidine blue stain

(Pai and Westra 2009), but the most promising work

involves the development of confocal microscopy with

exogenous fluorescent probes. These can potentially be

targeted to any biomarker within the abnormal cells



Field Cancerization, Fig. 1 This is a diagrammatic represen-

tation of the fields of cancerization. Only the central portion

of a tumor (A) will be visible to the naked eye. Surrounding

dysplastic tissue (B), often is not, and will only show atypical

features on histological examination. The use of

autofluorescence or confocal microscopy during surgery may

increase the sensitivity to cellular atypia even beyond simple

histological inspection (C). The surrounding tissue (D) has nor-
mal appearances but possesses molecular abnormalities that are

only currently detectable using laboratory molecular techniques.

As specific molecular probes are developed for confocal micros-

copy, (C) will approach (D). Finally, molecularly normal tissue

(E) will be present, but this may be a sizeable distance (>7 cm)

from the primary tumor
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and enable their identification, and inclusion in the

excised specimen, at the time of surgery (Fig. 1).
The “Second Field Tumor” Modification

With improved understanding of the molecular field of

cancerization, it was proposed that there may be two

distinct origins of the second tumors that can arise after

treatment of a primary HNSCC (Braakhuis et al. 2005).

Second tumors arising within the same genetically

abnormal field as the primary tumor were distinguished

from those that arose from outside of this field. While

the latter were referred to as true second primary
tumors they termed the first “second field” tumors.
Evidence for this arose from several studies. In

one study the surgical excision specimens of

oral/oropharyngeal tumors from 28 patients were ana-

lyzed. Samples 0.5 cm from the tumor edge and from the

surgical margin were compared with the tumor itself. In

ten cases there was evidence of a field of cancerization

by LOH analysis. In four of these cases the field biopsy

showed additional mutations, not present in the initial

tumor, suggesting that the field was in places undergo-

ing subsequent mutation independently of the primary

tumor (Tabor et al. 2001). In a further study, 6 out of

10 second tumors and their associated margins were

shown to share genetic similarity with the primary

tumor (and its margins) suggesting that they arose

from the same pre-neoplastic field of cancerization.

Their patterns of genetic mutations were compared by

sequencing their TP53 mutations and comparing their

locations of LOH. The remaining 4 second tumors were

significantly different in their genetic makeup to suggest

that they were statistically unlikely to have arisen from

a common precancerous field (Tabor et al. 2002).

Even though each field of genetically altered cells

may be large, with diameters over 7 cm (Braakhuis

et al. 2005), it has been shown that in any particular

patient exposed to carcinogens there may be multiple

separate fields of cancerization, interspersed by unaf-

fected mucosa (Roesch-Ely et al. 2010). Each field is

believed to have arisen from separate initial progenitor

cells that have undergone different initial mutations,

and subsequently accumulate differing profiles of

DNA modification, shown by DNA sequencing and

protein profiling (Roesch-Ely et al. 2010). A second

tumor arising in a separate and genetically different

field to that containing the primary tumor would be

classified, therefore, as a true second primary tumor.

Some of the tumors previously regarded as recur-

rent tumors should not automatically be reclassified as

second field tumors. Genuine local recurrences of the

primary tumor do occur. These are thought to result

from the invasion of small numbers of malignant cells

beyond the boundaries of the surgical specimen despite

histologically “clear” surgical resection margins. In 13

cases of presumed recurrent tumor (within 2 cm of the

primary tumor, within 3 years of diagnosis), 8 of

the primary tumor specimens displayed a pre-

neoplastic field abnormality common to the second

tumors (Tabor et al. 2004). This was evidenced by

common mutations in the TP53 DNA sequence,

a similar microsatellite shift, or a similar pattern of
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LOH in specimens taken from the tumors and the

surrounding excised tissue. In five of these cases, the

genetic patterns (assessed by LOH) of the second

tumor were sufficiently different from the first tumor

for them to be identified as second field tumors. The

analysis of the remaining three patients could not

clearly differentiate between them being recurrent

tumors or second field tumours. The five patients that

experienced a second tumor without evidence of a field
of cancerization were shown to have recurrent tumors.

Analysis using the same techniques demonstrated

a higher degree of similarity between the primary and

second tumor than statistically could have occurred by

chance (Tabor et al. 2004).
Development of a Field

In order for sufficient genetic mutations to be accumu-

lated to produce a tumor, exposure to common carcin-

ogens must occur over months or years. The rate of

renewal of human oral epithelium is 14–24 days,

suggesting that the cell of origin of these tumors is

a stromal stem cell rather than a differentiated

keratinocyte (Zhou and Jiang 2008). However, the

alternative hypothesis of de-differentiation of mature

keratinocytes by early mutations cannot, at present, be

excluded. In health, each stem cell in the epithelium

produces a daughter clonal unit or patch, �200 cells

(�2 mm) in diameter, containing transit-amplifying

and differentiated cells. Mutations in the progenitor

stem cell will be present in the whole colony.

In order for the patch to spread to become a field further
mutations must occur within the stem cell providing it

with a competitive advantage over its neighbours

through the process of clonal selection (Braakhuis

et al. 2003). Subsequent DNA alterations in a subset

of the resultant abnormal cells eventually produce

histologically and then macroscopically visible

abnormalities of the epithelium. Finally, when

sufficient key mutations have accumulated, the full

invasive phenotype is created (Fig. 2).
Epigenetic Factors and the “Epigenetic
Field”

Epigenetic changes are chemical changes to the DNA

of a cell without changes in the primary DNA
sequence. One of the most well-known epigenetic

mechanisms is DNA methylation. Methylation at spe-

cific points on a gene promoter sequence can modify

the transcription of that gene, for example, reducing

the expression or “silencing” a tumor suppressor gene

(Chai and Brown 2009). This can facilitate further

DNA damage while the regulatory gene is inactivated.

Studies involving subjects with colorectal, prostate,

and breast cancer have demonstrated a greater

frequency of hypermethylation of specific genes in

tumor cells. In addition they have demonstrated

a field of hypermethylation in histologically normal

tissue surrounding primary cancers (Niwa and

Ushijima 2010).

In many organ systems gene-specific DNA

hypermethylation has been seen and proposed to result

from chronic inflammation (Niwa and Ushijima 2010).

Examples include Barrett’s esophagus following

prolonged gastroesophageal reflux, the liver following

viral hepatitis, and gastric mucosa following

helicobacter pylori infection. Furthermore, a higher

percentage of samples from ulcerative colitic mucosa

were found to contain hypermethylated p16 if they

were taken from areas that had progressed to dysplasia

or frank carcinoma (Niwa and Ushijima 2010). Extent

of hypermethylation therefore seems to correlate with

the severity of cell dysfunction or injury. Evidence for

a causative role for inflammation in hypermethylation

has arisen from blockade of helicobacter-induced

hypermethylation in gerbil gastric mucosa by the use

of the immunosuppressive agent cyclosporin A.

In humans, where smoking is a recognized risk factor

for esophageal carcinoma, the duration of smoking

history has been shown to correlate with

hypermethylation levels of specific genes in esopha-

geal mucosa (Oka et al. 2009). There is little

documented work on hypermethylation in the rest of

the head and neck but we might expect smoking, alco-

hol, and HPV infection to be associated with

hypermethylation of specific genes. Interestingly,

aging causes a background level of hypermethylation

in a different subset of genes and this is markedly

increased in those cells that develop into cancer, per-

haps due to the increased number of cell cycles through

which these cells have gone.

Currently, the role of hypermethylation in carcino-

genesis has not been thoroughly investigated. It is

unclear whether hypermethylation changes are

a consequence of cellular inflammation from tumor
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Field Cancerization, Fig. 2 The multistep theory of carcino-

genesis and development of a field of cancerization. An initial

mutation converts a normal stem cell into a progenitor

cell producing a clonal patch of modified daughter cells

(<200 cells wide). Subsequent mutations or epigenetic changes

confer a competitive advantage, allowing the patch to spread

laterally, no longer limited by regulating factors. Further

changes produce further dysregulation of growth and cell adhe-

sion, and an increased invasive tendency. Finally, the ability to

metastasize is acquired. There is no fixed order to the progres-

sion of mutations; it is their accumulation and combined effect

that confers the phenotype to the cell. However, 9p, 3p, and

17p mutations tend to occur earlier in the sequence while

13q, 18q, and 8p occur later
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presence or whether they actively contribute to carci-

nogenesis. If proven to be causative, hypermethylation

may provide a novel therapeutic target in cancer

therapy.
Role of the Stroma

The stroma surrounding an epithelial tumor and pre-

cancerous change has been shown to accumulate sim-

ilar genetic and epigenetic changes to the epithelium

itself. It has been demonstrated that smokers with

HNSCC exhibit stromal p53 mutations and loss of

heterozygosity (Ge et al. 2010). Furthermore, it has

been proposed that the stroma surrounding a field

may not only change in response to the field or the

carcinogen, but may actively feedback to exert influ-

ence on the epithelial field. Fibroblasts adjacent to the

field are often activated and transdifferentiated into

carcinoma-associated fibroblasts (CAFs). They have

been shown to express growth factors associated with

both tumor proliferation and the prevention of apopto-

sis and are capable of inducing epithelial tumors in

xenografts (Ge et al. 2010). Transgenic mouse models

in which a type of TGF-B receptor is knocked out in

stromal fibroblasts produced epithelial tumors with

100% penetrance. It has been shown previously that

the immune system has a role in tumor surveillance

and its dysfunction or inhibition can increase the fre-

quency of some carcinomas (Pai and Westra 2009).
It is likely that more complex interactions between

modified epithelial tissue and its neighbouring tissues

play a role in tumor survival.
Treatments for Field Cancerization

Current head and neck cancer treatment does not iden-

tify or intentionally treat the histologically normal,

molecularly abnormal field. Routine molecular testing

of excised tumors does not occur since we currently

have insufficient evidence to support altered surveil-

lance programs or treatment regimes on the basis of the

findings of such tests. Surgical treatment currently

aims to achieve clear tumor excision margins while

the presence of any remaining dysplasia in the speci-

men is noted. Routine surveillance occurs for all

HNSCC patients although routine mucosal inspection

is limited to those areas visible in the clinic with

a headlight and flexible nasendoscope.

Interestingly, there may be an inadvertent effect of

radiotherapy on pre-neoplastic fields associated with

primary tumors. In a retrospective study following

patients for at least 10 years, 247 patients with oral

cancer undergoing radiotherapy either with (n¼ 38) or

without (n ¼ 209) surgery were compared with 99

undergoing surgery alone (Rennemo et al. 2009).

Radiotherapy was given to the primary site and levels

I and II of the neck. For the first 5 years post treatment,

there were significantly less second upper
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aerodigestive tract (UADT) mucosal tumors in the

irradiated group (10.3% vs. 62.5%, p < 0.001).

The average time to develop a second tumor was also

significantly longer in the irradiated group (8.6 vs.

3.9 years). However, beyond 5 years the relative risk

of a second tumor in the irradiated group returned to

that of the nonirradiated group. Overall and cancer-

specific survival was no different between the groups

over the whole time period. It is presumed that the

radiotherapy had some beneficial action against the

pre-neoplastic field, but the cause for the accelerated

deterioration beyond 5 years is unclear. It is possible

that the delayed recurrences in the radiation group

were due to the effect of continued smoking (which

was not assessed), or possibly a result of radiation-

induced second tumors.

EGFR inhibitors have shown efficacy alone or when

used with chemoradiotherapy and are well tolerated.

Cetuximab is currently licensed in the UK in combi-

nation with radiotherapy in patients with locally

advanced HNSCC, a Karnofsky performance score of

over 90%, and where platinum-based chemotherapy is

contraindicated. Studies looking at lung carcinomas

have identified EGFR tyrosine kinase domain muta-

tions that predict sensitivity, and ras mutations that

predict resistance, to EGFR inhibitors. Such molecular

analysis in HNSCC could help to select patients

who might experience greater benefit, and save inef-

fective administration to those with relative resistance

to treatments (Lippman and Heymach 2007).

Cutaneous precancerous fields are regularly treated.

Where there are multiple actinic keratoses (which can

develop into SCC) in a close distribution, topical treat-

ments are often tried including diclofenac gel,

fluorouracil cream, or imiquimod. Alternatively, pho-

todynamic therapy is sometimes used. In one trial

aminolevulinic acid photodynamic therapy (ALA-

PDT) was used to treat areas of the skin of the face

and scalp (Apalla et al. 2010). Following two treat-

ments separated by a week there was a significant

reduction in the number of new lesions in that area

compared to placebo for the subsequent 6 months.

However, beyond 6 months the development of new

lesions occurred at a similar incidence to the placebo

group. This suggests that the treatment temporarily

halts the development of new lesions but that further

mutations do accumulate with time.

Further treatments for pre-neoplastic lesions and

fields have been trialled but are not currently in clinical
use. Oral n-acetyl cysteine, which acts as an antioxi-

dant has been shown to reduce the frequency of DNA

adducts and abnormal micronuclei in oral mucosa in

healthy smokers (Hunter et al. 2005). Retinoids have

been used to treat oral leukoplakia and produce clinical

and histopathological improvement. However, the side

effects are significant, the molecular abnormalities

persist despite treatment, and most patients relapse on

stopping treatment (Tanaka et al. 2011). COX-2

expression has been shown to be increased in

HNSCC but while COX-2 inhibitors have prevented

the progression from leukoplakia to carcinoma in ani-

mal models, they were no more clinically effective

than placebo in humans when administered as

a mouthwash (Hunter et al. 2005).

The morbidity and mortality associated with head

and neck SCC and its treatment provides a pressing

need for us to improve targeted treatment. Increasing

knowledge of the key genes, the role and reversibility

of epigenetic mechanisms, and the potential influence

of the stroma will potentially open up novel therapeu-

tic approaches. Once sufficient gene mapping has

occurred in the areas that are frequently mutated

in HNSCC, we may be able to use these genes

for targeted treatment to currently invisible cells.

Chemical or genetic therapies may be developed to

specifically target some of the key mutations, while

biomarkers with attached fluorescent probes would aid

surgical visualization of the abnormal field. One of the

major difficulties lies in identifying and locating an

early field in “at-risk” patients before it has developed

macroscopic abnormalities. Current studies are

examining whether analysis of sputum or epithelial

brushings could be analyzed in this patient group

but this is currently in the very early stages of

development.
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▶ Fine Needle Aspiration for Head and Neck Tumors
Fine Needle Aspiration Cytology (FNAC)

Majid A. Khan and Todd A. Nichols

Division of NeuroRadiology, University of MS

Medical Center, Jackson, MS, USA
Definition

Fine needle aspiration cytology (FNAC) is a method

used to take palpable or guided specimen for patholog-

ical diagnosis.
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Fine Needle Aspiration for Head and
Neck Tumors

Feriyl Bhaijee and Anwer Siddiqi

Department of Pathology, University of Mississippi

Medical Center, Jackson, MS, USA
Synonyms

Aspiration; Aspiration biopsy; Aspiration cytology;

Diagnostic aspiration; Fine needle aspiration biopsy

(FNAB); Fine needle aspiration cytology (FNAC)
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Definition

Fine needle aspiration (FNA) is defined as the removal

of a sample of cells, using a fine needle, from

a suspicious mass for diagnostic purposes (DeMay

2007a).
Purpose

FNA is widely recognized as the first step in diagnosis

of malignant tumors of the head and neck, as well as

▶Oropharyngeal Malignancies (DeMay 2007b). It is

particularly useful in this region, as the ▶Differential

Diagnosis of Adult Neck Masses ranges from innocu-

ous inflammation to aggressive malignancies. FNA

may be used for both superficial and deep-seated

lesions in the head and neck; the latter often requires

radiologic guidance.

FNA is useful in the diagnosis of neoplasms, infec-

tions (e.g., fungal, protozoal), inflammation (e.g.,

granulomatous), or infiltrations (e.g., amyloidosis)

(DeMay 2007a). For more information on specific

entities found on FNA, see also: ▶Benign Salivary

Gland Neoplasms, ▶ Salivary Gland Malignancies,

▶Minor Salivary Gland Neoplasms, ▶Benign

Sinonasal Neoplasms,▶ Sinonasal Neoplasms,▶Cer-

vical Esophageal Squamous Cell Carcinoma, ▶ Pri-

mary Neck Neoplasms, ▶ Follicular Thyroid Cancer,

▶ Papillary Thyroid Cancer, ▶Medullary Thyroid

Cancer, ▶Benign Tumors of Larynx, ▶Cervical

Node Metastases from Squamous Cell Carcinomas,

Patterns of, ▶Unknown Primary Squamous Cell Car-

cinoma of Neck, ▶Lymphomas Presenting in Head

and Neck, ▶Deep Neck Infections, ▶Granulomatous

Disorders.
Principle

Informed Consent

Aswith any surgical procedure, informed consent must

be obtained from the patient or the patient’s surrogate

prior to FNA. Informed consent consists of explaining

(1) the indication for FNA, (2) the risks and benefits of

the procedure, and (3) alternative diagnostic proce-

dures. Any questions or concerns should also be

addressed. It is advisable to obtain written consent

prior to commencing the FNA.
FNA Equipment

Superficial FNA requires the following equipment:

a variety of fine needles, 25–22 gauge, of various

lengths; a 10 cc syringe; a syringe pistol handle

(optional), such as the 10 ml Cameco syringe pistol/

gun™ (Belpro Medical) or Tao aspirator™ (Tao &Tao

Technology); alcohol swabs; sterile gauze; topical

anesthetic or skin refrigerant (optional), such as

Gebauer’s Ethyl Chloride® (Gebauer Company);

plain glass slides; cellular fixatives, such as Fix-Rite

2™ (Thermo Scientific); protective gear (e.g., gloves,

face shield); and resuscitative equipment. FNA of

deep-seated lesions frequently requires radiologic

guidance and needle guides, as well as specialist super-

vision (Fig. 1).

For most superficial FNAs, a 23 gauge, 100 needle is
sufficient to make about half a dozen cellular smears.

A syringe pistol handle allows the operator to stabilize

the lesion with one hand, and operate the syringe with

the other – so while it is not essential, it often enhances

operator comfort. Before the FNA, the needle is fitted

on the syringe, and both are loaded in the syringe pistol

handle.

Topical anesthesia (e.g., ethyl chloride) is preferred

to local anesthetic agents (e.g., parenteral lidocaine),

because the latter causes patient discomfort and local

swelling, which may obscure the biopsy site. (See

▶Anesthetic Techniques for Otolaryngologic Patient

for more information).

When a pathologist is present for immediate FNA

evaluation, additional equipment is necessary, e.g.,

95% alcohol, staining solutions (e.g., Diff-Quik™),

and a microscope. For subsequent cell block prepara-

tion, tissue culture transport media (e.g., Roswell Park

Memorial Institute [RPMI] medium) or CytoLyt™
preservative solutin (Hologic, Inc.) may be used.

FNA Technique

Prior to FNA, the patient should be positioned in order

to facilitate palpation of the suspicious mass (DeMay

2007a). The optimal approach to the mass, as well as

its depth, consistency, and size should be carefully

assessed. Any proximate pulsation should alert the

operator to the risk of vascular injury (Fig. 2).

The procedure for sampling superficial lesions

begins with cleaning the intended biopsy site with

alcohol swabs. Next, the operator immobilizes the

mass lesion with his non-dominant hand, ensuring

a taut skin surface. Topical anesthesia, such as ethyl
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Fine Needle Aspiration for
Head and Neck Tumors,
Fig. 1 FNA Equipment:

syringe pistol handle/gun,

10 cc syringe, skin refrigerant

(ethyl chloride), alcohol

swabs, needles (25-22 gauge),

sterile gauze, plain glass

slides, cellular fixative

Fine Needle Aspiration for
Head and Neck Tumors,
Fig. 2 FNA of lateral neck

mass using syringe pistol

handle and 25 gauge needle
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chloride, is then sprayed onto the biopsy site. The

syringe, or the syringe pistol handle, is held in the

operator’s dominant hand, and the needle is inserted

perpendicularly into the lesion. (A tangential approach

is rarely used, but may be necessary when the mass is

in close proximity to a vascular structure.) Once in the

lesion, the plunger is withdrawn, or the syringe pistol

handle is squeezed, thereby creating negative pressure

in the barrel. Staying within the lesion, the needle is

then advanced and withdrawn in a single axis, at three

strokes per second for 5–10 s (DeMay 2007a). The

movement of the needle is adjusted for the consistency

of the mass: firm, sclerotic masses will require more

force than soft, cystic lesions. The needle may be
rotated during this step, in order to loosen the cores

of tissue for aspiration. Biopsy material in the hub of

the syringe suggests an adequate sample.

When the operator completes the back-and-forth

rotating movements, the negative pressure on the

syringe is released before the needle is withdrawn

from the lesion. Failure to release the suction before

withdrawing the needle will cause the aspirated mate-

rial to enter the barrel of the syringe, where it may

not be accessed for immediate pathologic evaluation.

The biopsy site is covered with sterile gauze, and

firm pressure is applied until satisfactory hemostasis

is achieved. (This also prevents hematoma

formation).
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For deep-seated lesions, the FNA procedure is

performed by an interventional radiologist under

radiologic guidance (e.g., fluoroscopy, ultrasound, or

computed tomography). Once obtained, the specimen

is given to the pathologist, who offers an immediate

assessment of adequacy.

Gross Findings

The immediate gross findings following FNA deter-

mine further actions (DeMay 2007a). If the material is

inadequate, the FNA is repeated. If fluid is aspirated,

the lesion is drained and any residual mass is

reaspirated. If the aspirate is purulent, culture is indi-

cated; if necrotic, the periphery of the lesion is

reaspirated. If the aspirate is bloody, the FNA should

be stopped, and reaspiration may be indicated.

Slide Preparation

Following FNA, the specimen obtained is handled

carefully, with appropriate labeling, fixation, prepara-

tion, staining, and transport, as needed.

The frosted end of the plain glass slide should be

labeled with the patient’s identification and the date of

the procedure. A tiny drop of the specimen in the

syringe is then placed onto a glass slide, and a second

slide is used to smear the aspirate across the first slide.

The slides may then be (1) air-dried and stained for

immediate evaluation by the pathologist, or (2) fixed

with spray fixatives or 95% alcohol and transported to

the laboratory. While spray fixatives are convenient,

alcohol immersion results in better fixation. The

smears should be fixed as soon as they are made.

Following smear preparation, the remainder of the

aspirate in the needle may be rinsed in a cellular

medium, such as RPMI. This medium is then

transported to the laboratory, and used to prepare

a cell block for further pathologic analysis.

Immediate staining is usually performed by the

pathologist, using a Romanowski-type stain (such as

Diff-Quik™). Diff-Quik™ staining takes about

a minute, and the slides can be examined under the

microscope without a coverslip. The pathologist

assesses adequacy and, in certain cases, renders an

immediate pathologic diagnosis.

Diagnostic Interpretation

The slides and cell media sent to the laboratory are

processed according to institutional guidelines, and the

processed slides are given to the pathologist for
cytologic evaluation. Thereafter, immunocytochemi-

cal stains may be used to facilitate diagnosis. In some

cases, cytogenetic or molecular studies are possible.

The cellular aspirate in RPMI may be submitted for

flow cytometry to further characterize lymphoid cell

populations.

FNA of Thyroid Nodules

FNA is an integral part of the diagnostic work-up of

thyroid nodules (see also ▶Thyroid Nodules, Evalua-

tion). The main purpose of thyroid nodule FNA is to

identify malignancy and subsequent direct clinical

management. While the technique of thyroid FNA

follows the same general principles of FNA elsewhere

in the head and neck, certain methods increase diag-

nostic yield (Galera-Davidson and Gonzalez-Campora

2008). The patient should be placed in a supine posi-

tion, with a pillow under the shoulders, to facilitate

extension of the neck. The operator stands on the side

opposite to the thyroid lesion, and immobilizes the

thyroid against the trachea with the non-dominant

hand, while inserting the needle with the dominant

hand (Fig. 3). Only 5–10 mL of suction is necessary,

as excessive negative pressure will result in hematoma

formation. The needle is advanced and withdrawn

within the lesion in a single plane, until an aspirate

appears in the hub of the needle. Moving the needle in

different planes of the lesion will result in a painful,

bloody aspirate, which is often non-diagnostic.

Fine-needling sampling without aspiration

(cytopuncture) is often utilized for highly vascular

organs, or very small lesions, in which FNA may

yield a bloody specimen. Cytopuncture is based on

the principle of capillarity. A fine needle is inserted

in the lesion with the thumb and forefinger of the

operator’s dominant hand, and manually advanced

and withdrawn for 5–10 s, as in conventional FNA.

After withdrawing the needle, a syringe filled with air

is attached to the base of the needle. The specimen is

expelled onto plain glass slides, and the needle is

rinsed in cellular medium.

The nature of the thyroid lesion will dictate the

number of aspirations for each nodule (Galera-

Davidson and Gonzalez-Campora 2008). Solitary nod-

ules less than 3 cm in greatest diameter usually require

one to four aspirations, while larger lesions may

require up to eight aspirations to achieve diagnostic

accuracy. In multinodular goiters, several lesions

should be sampled.

http://dx.doi.org/10.1007/978-3-642-23499-6_174
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Fig. 3 Ultrasound-guided FNA of thyroid mass using 10 cc

syringe and 25 gauge needle
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Ultrasound-guided thyroid FNA is recommended

for nodules �1.0 cm in size, which demonstrate radio-

graphic features of malignancy, e.g., calcifications or

solid areas (see Thyroid Ultrasound). Palpable lesions,

however, do not necessarily require ultrasound guid-

ance, as an expert operator is likely to obtain an ade-

quate specimen without ultrasound guidance. On-site

assessment of specimen adequacy is strongly

recommended for thyroid FNAs, as it decreases the

number of needle passes and assists less-experienced

operators in obtaining adequate specimens.
Indication

FNA has both diagnostic and therapeutic indications: it

facilitates diagnosis of suspicious masses and drainage

of cystic lesions.

Following careful consideration of the risks and

benefits, FNA should only be performed when the

outcome will affect patient management.
Contraindication

Contraindications to FNA include: patient refusal or

uncooperative patient, bleeding diatheses (including

anticoagulant therapy), inaccessible or ill-defined
masses, highly vascular lesions (e.g., Vascular Tumors

of the Head and Neck, Arteriovenous Malformations),

suspected hydatid cyst, and lack of necessary medical

resources (including resuscitative equipment). Also,

patients who cannot suppress a cough should not

undergo thryoid FNA.

Like most provider-performed tests, FNA is opera-

tor-dependent, and an inexperienced or unsure opera-

tor is a relative contraindication to FNA. Knowledge of

the embryology and anatomy of the neck and face is

essential. Specialist supervision is recommended until

competence and confidence are achieved.
Advantage/Disadvantage

Advantages of FNA

FNA is safe, accurate, fast, and cost-effective. When

performed correctly, FNA is highly sensitive and

highly specific. It has few risks, complications are

uncommon, and the diagnostic yield is often sufficient

to direct further clinical management. Despite the

cytologic nature of FNA specimens, histologic features

can also be evaluated, e.g., cellular architecture and

stromal composition.

FNA can be performed in almost any clinical setting

(e.g., office, bedside, etc.), and does not require expen-

sive or complicated equipment. FNA biopsies can be

processed faster than any other surgical biopsy, includ-

ing frozen sections. The entire FNA process – from

obtaining informed consent to rendering a pathologic

diagnosis – can be completed in less than an hour.

In addition to providing an early diagnosis, FNA

may also replace various radiologic investigations,

thus decreasing cost and facilitating therapeutic plan-

ning (DeMay 2007a).

Disadvantages of FNA

FNA-related complications are uncommon, and

include pain, anxiety, hematoma, hemorrhage, vasova-

gal reaction, nerve damage, infection, damage to vital

organs, and tumor necrosis (DeMay 2007a). These

risks increase with FNA of deep-seated lesions, espe-

cially those in close relation to vascular structures.

There is a hypothetical risk of tumor seeding along

the FNA tract, but this has not been reported in the

medical literature to date, and there is no direct evi-

dence that FNA has an adverse effect on patient

survival.
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Health care providers performing FNAs face the

risk of needle stick injuries and subsequent infections,

but appropriate safety measures and patient coopera-

tion likely ameliorate this risk.

The main disadvantage of FNA is its limited diag-

nostic yield, as compared to surgical biopsy and his-

topathologic evaluation. As in any biopsy procedure,

it is assumed that the target lesion is homogeneous,

and that the biopsy sample is representative of the

entire lesion (DeMay 2007a). However, the aspiration

needle may not always enter the malignant focus,

resulting in a false-negative diagnosis. Radiographic

imaging reduces the likelihood of false negatives by

characterizing the lesion before FNA is attempted, or

by guiding the aspirating needle during the procedure.

(See also:▶ Imaging Cystic Head and Neck Masses).

Moreover, operator inexperience may contribute to

non-diagnostic aspirations. The many advantages of

FNA, however, often outweigh this limitation, and its

use should be tailored to the individual clinical

context.
Cross-References
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Synonyms

First branchial cleft cyst; First branchial cleft fistula;

First branchial cleft sinus; Type I or Type II first

branchial cleft anomaly
Definition

A first branchial cleft anomaly forms from the incom-

plete closure of the ventral portion of the first branchial
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cleft. These anomalies may present as cysts, sinuses, or

fistulas, depending on the degree of cleft closure.

A cyst is an encapsulated, epithelium-lined sac without

any connections to the external environment. A sinus

presents as a blind sac with a single connection to the

external environment, typically the external auditory

canal. A fistula is a patent tract that consists of two

openings, typically the external auditory canal and the

anterior triangle of the neck.
First Branchial Cleft Anomalies, Fig. 1 Left postauricular

sinus associated with a first branchial cleft anomaly

F
Epidemiology

Branchial cleft anomalies are the second most

common cause of congenital neck masses, preceded

in incidence only by thyroglossal duct cysts. Second

branchial cleft anomalies are the most common of the

branchial remnants, followed by first cleft anomalies.

While some tertiary referral centers have reported that

first branchial defects account for 18–25% of their

branchial cleft practice (Choi et al. 1995; Bajaj

et al. 2011), it is generally recognized that the first

cleft anomalies account for less than 10% of all

branchial cleft pathology (Olsen et al. 1980; Finn

et al. 1987). Both the two largest case series to date

noted an approximate 2:1 female predominance of

these lesions (Olsen et al. 1980; Triglia et al. 1998)

with an estimated annual incidence of 1 per million

births (Arndal et al. 1995).
History

The natural history of first branchial cleft anomalies

can be quite variable, largely as a result of frequent

initial misdiagnosis. Nonetheless, these lesions

typically come to the attention of the physician due to

an obvious sinus tract or recurrent infections in the

periauricular region (Solares et al. 2003). In a large

literature review, the mean age at diagnosis was just

under 19 years of age with the age range being from

20 days to 82 years (D’Souza et al. 2002). Other studies

report lower mean ages at diagnosis, but it is

worthwhile to note that older adults may present with

these congenital lesions due to both prior misdiagnosis

and/or mismanagement. A large case series showed

that nearly half of the patients diagnosed with first

branchial cleft anomalies had undergone at least one

procedure including incision and drainage, incomplete
excision, or injection of sclerosing agent. Prior

procedures on these patients render future complete

surgical resection more difficult. Given the challenges

in diagnosis, most pediatric patients experience a delay

of about 3.5–4 years from the time of presentation to

the time of adequate treatment (Ford et al. 1992;

Triglia et al. 1998).

Presenting symptoms have been classified into cer-

vical, parotid, and auricular. Cervical symptoms

include a draining tract in the neck, a neck mass, or

a pit noted along the mandible. Parotid symptoms

include a mass or cyst overlying the gland or the

mastoid. Persistent otorrhea is the most common auric-

ular symptom. Cervical symptoms are generally the

most common (41%), followed by parotid (35%) and

auricular (24%) symptoms (Triglia et al. 1998;

Nicollas et al. 2000) (Fig. 1). One important distinction

to note is that preauricular cysts or sinuses are distinct

entities and are unrelated to first branchial cleft

anomalies. These lesions arise from failure of fusion

of the auricular hillocks of His and are more common

than branchial cleft lesions, thus representing

a separate developmental pathology (Finn et al. 1987;

Hickey et al. 1994).
Clinical Features

First branchial cleft anomalies generally come to the

attention of the otolaryngologist secondary to recurrent

infections or recalcitrant drainage that has not

responded to medical therapy or prior procedural inter-

ventions. Swelling in the periauricular or parotid



First Branchial Cleft Anomalies, Fig. 2 Note the triangular

anatomic and embryologic boundaries within whichmost all first

branchial cleft lesions arise
First Branchial Cleft Anomalies, Fig. 3 Note the membra-

nous attachment from the external canal to the umbo highly

suggestive of a first branchial cleft anomaly
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region and drainage from the ear are common com-

plaints, and yet these presenting signs are not specific

to first cleft defects. For this reason, a thorough history

and physical examination are critical to appropriately

diagnose these lesions.

When examining these patients, certain findings can

assist in securing the correct diagnosis. A sinus open-

ing in the cervical neck in the triangular region bound

by the external auditory canal, symphysis menti, and

the hyoid bone is highly suggestive of a first cleft

anomaly (Sichel et al. 1998) (Fig. 2). Depending on

the nature of these lesions, there may also be a tract that

communicates with the external auditory canal. This

tract most commonly opens into the region of the

bony-cartilaginous junction but may potentially open

into the concha, postauricular skin, or rarely into the

middle ear as reported once in the literature (Olsen

et al. 1980). For these reasons, a draining ear in the

presence of a normal tympanic membrane and middle

ear space should raise suspicion for a possible first cleft

lesion (D’Souza et al. 2002). Additionally on physical

exam, one may discover a myringeal web or an epider-

mal extension from the floor of the external auditory

canal to the umbo or portion of the tympanic mem-

brane (Fig. 3). While this finding is not present in all

first cleft pathology, some argue that it is pathogno-

monic for this diagnosis. These webs are hypothesized

to be associated malformations not requiring removal

during the surgical excision of the first cleft anomaly

(Sichel et al. 1998).
Numerous attempts at formulating a classification

system for first branchial cleft anomalies have been

undertaken. In the early 1970s, Arnot proposed

a system that classified these lesions into Types

I and II. Type I lesions, as he described, presented in

early-to-mid adult life and consisted of a cyst or sinus

in the area of the parotid gland and lined exclusively

by simple squamous epithelium. Arnot hypothesized

that these lesions formed from cell rest buried during

obliteration of the first cleft of the branchial appara-

tus. Type II lesions, on the other hand, presented in

infancy or early childhood and consisted of a sinus or

superficial cyst in the anterior neck with possible

external openings just below the angle of the mandi-

ble and/or in the external auditory canal. These

defects are histologically lined by keratinizing squa-

mous epithelium consisting of hair follicles and seba-

ceous glands and originate secondary to failure of

complete closure of the first branchial cleft (Arnot

et al. 1971). Not long after Arnot’s classification sys-

tem, Work published his own system for defining

these lesions. He described Type I lesions as ectoder-

mal duplications of the membranous external auditory

canal. He suggested that these pass deep to the lobule,

superior to the facial nerve, and parallel to the exter-

nal canal, ending in a cul-de-sac at the bony plate of

the mesotympanum. Type II defects, as he suggested,

are duplication anomalies of the external auditory

canal and pinna. Unlike Type I, Type II defects



First Branchial Cleft
Anomalies, Fig. 4 T2 MRI

images of first branchial cleft

lesions. (a) Note the cyst
confined to the region of the

left external auditory canal.

(b) A right first branchial

lesion intimately associated

with the external canal and

parotid gland
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contain skin and cartilage (mesoderm). They pass

over the angle of the mandible in variable relation to

the facial nerve and terminate just inferior to the

membranous external canal or form a sinus with it

(Work et al. 1972). Yet another classification scheme

was proposed by Olsen in 1980, and this system is

arguably the simplest and most clinically useful.

Olsen proposed dividing first branchial anomalies

into cysts (tract with no external opening), sinuses

(tract with one opening to external canal), and fistulas

(tract with opening to external canal and cervical

neck) (Olsen et al. 1980). Most recent literature

on first branchial anomalies describes the lesions in

this way.

Reports have yielded discrepancies as to which of

the three lesions (cyst, sinus, and fistula) is the most

common (Olsen et al. 1980; Triglia et al. 1998).While

each type of lesion can run superficial to, deep to, or

between the branches of the facial nerve, multiple

studies have shown that over half of the first cleft

tracts lie lateral to the nerve. The majority of isolated

cysts are located lateral to the facial nerve, and there

has been evidence to suggest that fistulas are more

likely to pass deep to the facial nerve; however, it is

important to remember that this relationship is vari-

able and should never be taken for granted (Triglia

et al. 1998; D’Souza et al. 2002; Del Pero et al. 2007).

While these lesions are benign, there are rare reports

of indwelling carcinoma, further supporting surgical

management when appropriate for the patient (Roche

et al. 2010).
Tests

Once the history and physical presentation of the

patient have been reviewed, radiographic imaging

can be very helpful in the workup and preoperative

planning of a patient suspected of having a first bran-

chial cleft anomaly. In fact, in one study, the history,

physical examination, and imaging together led to the

correct diagnosis in 92% of patients presenting with

first cleft lesions (Schroeder et al. 2007). Computed

tomography (CT) and ultrasonography (US) are the

most commonly utilized radiographic modalities for

the evaluation of these entities, with contrasted CT

being arguably the most useful. MRI, while avoiding

radiation exposure, may be helpful in assessing

intraparotid lesions but adds little else to the informa-

tion allowed by computed tomography alone (Fig. 4).

Preoperative imaging is helpful not only in confirming

the diagnosis, but also in possibly defining any fistu-

lous or sinus tract in relation to its surrounding

structures.

When using CT, the most common radiographic

finding is a thin-rimmed unilocular or multilobular

cystic lesion near or within the parotid gland with

lack of significant post-contrast rim-enhancement

(Fig. 5). Rim-enhancement around the cyst frequently

indicates recent or ongoing infection. Fine cut CT

images, furthermore, may delineate bony detail as

well as a sinus tract to the external auditory canal,

assisting the surgeon in his operative planning

(Mukherji et al. 1993). It must be noted, however,



First Branchial Cleft Anomalies, Fig. 5 CT image showing

a right first branchial cleft lesion
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that in one study looking at all branchial anomalies,

CT imaging correctly identified cysts in 95% of cases,

sinuses in 81% of cases, and fistulas in only 50% of

cases (Schroeder et al. 2007). Thus, imaging is uti-

lized as a guide to the surgeon, recognizing its limi-

tations in identifying the subtleties of these lesions,

and is not intended to replace careful surgical

dissection.

Ultrasonography has also been used to evaluate first

cleft lesions although its use is less frequent. US find-

ings would classically include smooth, well-defined,

anechoic lesions; however, they may have variable

appearances on US leading to confusion. Perhaps its

greatest utility is in differentiating a cystic lesion from

a lymph node which can be accomplished using color

flow Doppler (Schroeder et al. 2007).

Other medical comorbidities should be considered

in the evaluation of patients with a branchial cleft

anomaly. These lesions, for example, may occur in

conjunction with entities such as branchio-oto-renal

syndrome, where patients have hearing loss and renal

dysfunction in addition to branchial cleft cysts. The

workup for these patients would naturally include an

audiogram as well as blood work and/or a renal
ultrasound to assess renal function. This syndrome

should not be forgotten when evaluating patients with

suspected branchial cleft lesions especially when the

patient presents with bilateral brachial lesions.
Differential Diagnosis

The differential diagnosis for a first branchial cleft

anomaly is broad and largely contingent on the

presenting symptoms. The chief presenting symptoms

can be divided into auricular, cervical, and parotid.

Some patients will present with otorrhea (auricular),

others with a draining cutaneous neck tract (cervical),

and even others with a lesion overlying or involving

the parotid gland (parotid). Thus, the differential diag-

nosis should be considered for each of these presenting

symptoms and/or complaints, acknowledging that

patients may present with a combination of these.

For a patient presenting with auricular symptoms,

▶ chronic otitis media with perforation,

cholesteatoma, preauricular cyst or sinus, foreign

body, and otitis externa must also be entertained. In

the presence of a relatively normal ear exam, first

branchial cleft anomalies should be considered high

on the differential.

For patients presenting with cervical symptoms,

scrofula, inflammatory lymphadenitis, skin or meta-

static carcinoma, lymphoma, iatrogenic fistula, and

trauma should also be considered.

Finally, in patients presenting with parotid symp-

toms, the differential becomes broader. Diagnoses to

consider would include benign inflammatory lymph-

adenitis, recurrent sialadenitis with or without abscess,

dermoid cysts, lymphangioma, lipoma, neurofibroma,

hemangioma, metastatic carcinoma, primary parotid

tumor, lymphoma, sarcoidosis, and tuberculosis

(McRae et al. 1983).

Although the differential diagnosis is broad, a good

history and physical exam in addition to proper imag-

ing will correctly diagnose a first branchial anomaly in

the vast majority of cases.
Etiology

The etiology of first branchial cleft anomalies requires

knowledge of the▶ embryology of the branchial appa-

ratus. By the fourth week of fetal life, the branchial

http://dx.doi.org/10.1007/978-3-642-23499-6_604
http://dx.doi.org/10.1007/978-3-642-23499-6_100312
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apparatus begins to form, consisting of six branchial

arches separated externally by ectodermal clefts (or

grooves) and internally by pharyngeal pouches.

A number of head and neck structures develop from

this apparatus, and errors in their development can

explain numerous pathologies observed in the field of

otolaryngology. As embryos develop, each branchial

arch gives rise to muscular and cartilaginous compo-

nents as well as to an artery and nerve. The first arch is

composed of two processes, mandibular andmaxillary,

known collectively as Meckel’s cartilage. While

Meckel’s cartilage gives rise to portions of the malleus

and incus, the stylomandibular ligament, and a portion

of the mandible, the first arch also yields the mandib-

ular branch of the fifth cranial nerve, the muscles of

mastication, the anterior belly of the digastric and the

tensor tympani muscles. The second branchial arch

gives rise to Reichert’s cartilage which yields the mal-

leus handle, long process of incus, stapes superstruc-

ture, styloid process, and lesser cornu and superior

portion of the hyoid bone. The facial nerve and the

muscles of facial expression are also associated with

the second branchial arch. The first branchial cleft is

the invagination between the first and second branchial

arches. The dorsal portion of this groove deepens to

form the external auditory canal and the lateral surface

of the tympanic membrane while the middle portion

forms the cavum conchae. The ventral portion of the

cleft typically disappears. The first pouch also contrib-

utes to ear formation by developing into the middle ear

cleft and Eustachian tube (Hyndman et al. 1929; Olsen

et al. 1980).

First branchial anomalies are hypothesized to form

due to the failure of complete closure of the ventral

portion of the first branchial cleft. Thus, given the

embryology, one would expect these lesions to be

located somewhere between the structures of the first

and second arch and likely in close proximity to the

external auditory canal given its derivation from the

dorsal portion of the first branchial cleft. Indeed, this is

often what is discovered clinically when these lesions

are diagnosed. As a general rule, branchial cleft anom-

alies lie inferior to the embryologic structures of their

associated arch and superior to the derivatives of the

subsequent arch (Schroeder et al. 2007). Thus, what

has been mapped out clinically is a roughly triangular

region in which these lesions are found. This region is

demarcated by a line traveling from the external audi-

tory canal along the lower edge of the mandible to the
tip of the chin, inferiorly to the greater horn of the

hyoid bone, and then back laterally and superiorly

along the cervical neck to the external canal. In one

of the largest case series to date, no lesion extended

inferior to the horizontal plane passing through the

hyoid bone, thus obeying the embryologic develop-

mental patterns (Triglia et al. 1998).

What is of utmost importance to the surgeon

treating these patients is the relationship of these

lesions to the facial nerve. The embryologic develop-

ment of the parotid gland and facial nerve help one to

understand why first branchial cleft anomalies may be

superficial to, deep to, or within the branches of this

important structure (Solares et al. 2003).While the first

branchial apparatus completes its differentiation by the

sixth or seventh week of gestation, the parotid gland

does not appear until the sixth week of development.

During the seventh and eighth weeks, the gland

migrates cranially and dorsally to achieve its final

location. Similarly, the facial nerve and its associated

muscles migrate upward around the sixth to eighth

weeks. Furthermore, during the second month, the

pinna migrates dorsolaterally, and the mandible pro-

gressively elongates. The later development of the

parotid gland and facial nerve in relation to the first

branchial cleft structures as well as the progressive

elongation of the mandible as a first branchial arch

structure all account for the variability one finds in

the relationship of first branchial cleft anomalies

to the facial nerve (Olsen et al. 1980; Mukherji

et al. 1993).
Treatment

It is widely accepted that the only definitive treatment

for first branchial cleft anomalies is complete surgical

excision. Surgical management of these lesions can,

nonetheless, be challenging given their proximity to

the facial nerve as well as patients’ frequent history of

prior procedures and/or infections. Studies have

suggested that multiple preoperative infections

increase the risk of recurrence following surgical exci-

sion (Schroeder et al. 2007). Therefore, the ideal

timing of surgery would be prior to the onset of infec-

tion or any attempt at incomplete removal. Unfortu-

nately, this is often not the case. Many patients

presenting to an otolaryngologist will not only have

had prior infection(s), but also are likely to have had at
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First Branchial Cleft Anomalies, Fig. 6 (a–d) Serial photo-
graphs taken during a first branchial cleft fistula excision.

(a) Note the forceps grasping the partially dissected fistula as

extensions run deep to an exposed branch of the facial nerve.

(b) Further dissection of the tract clearly showing its medial

course to the frontal branch of the facial nerve. (c) The fistula

has been passed under the facial nerve (identified by nerve

hook), and it continues posteriorly until it involves the external

auditory canal. (d) Surgical field following complete excision of

the fistulous tract. Note the exposed facial nerve branches as well

as the necessary defect in the external auditory canal
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least an incision and drainage performed (Triglia et al.

1998). Surgical excision is technically more difficult in

the face of active infection; thus, it is considered judi-

cious to postpone surgical excision of these lesions

until any active or residual infection has cleared

(Del Pero et al. 2006).

With few exceptions, wide exposure using

a standard parotidectomy incision should be the

approach for first cleft surgery. The two overarching

goals of this operation are facial nerve preservation

and complete surgical excision. Given the variability

of the cyst, sinus, or fistula in its relationship to the

facial nerve, exposure of the nerve is critical prior to

attempting resection of these congenital anomalies

(Fig. 6a–d). To obtain this exposure, a partial

parotidectomy is likely to be performed (Work

et al. 1972). This dissection rarely extends more
than 1–2 cm beyond the pes anserinus of CN VII.

A literature review of first branchial clefts revealed

that the incidence of temporary facial nerve palsy

was 21% in cases where the facial nerve was identified

and 29% in cases where the nerve was not identified.

Similarly, the incidence of permanent facial nerve

paralysis in these cases was 1% when the nerve was

identified and 12% when the nerve was not identified.

These statistics were statistically significant and high-

light the importance of nerve identification during this

procedure (D’Souza et al. 2002). Most surgeons

advocate the use of facial nerve monitoring although

the literature does not necessarily address whether

this helps preserve facial nerve function during

surgery.

Following the exposure and identification of the

facial nerve, dissection of the branchial anomaly is
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undertaken. Lesions may be superficial, deep, or run

between the facial nerve branches, and dissection

along the sinus or fistulous tracts is important for

complete excision. For those lesions with tracts

approaching but of questionable involvement of the

external auditory canal, it is recommended that

a portion of the canal cartilage and skin surrounding

the tract be removed in order to assure the lesion does

not recur (Olsen et al. 1980; Triglia et al. 1998). If this

is performed, some authors advocate packing the

external canal for several weeks to allow appropriate

healing and prevent canal stenosis (Work et al. 1972;

Schroeder et al. 2007). With wide surgical exposure,

facial nerve identification, and careful, thorough

dissection, the recurrence rate of these lesions is

exceedingly low.
Cross-References

▶Chronic Otitis Media

▶Congenital Cysts, Sinuses, and Fistulae

▶ PrimaryMalignancies of Head and Neck in Children

(Non-hematologic)
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Fisch Classification of Glomus Tumors

Brian C. Gartrell and Samuel P. Gubbels

Department of Surgery, Division of Otolaryngology,

University of Wisconsin Hospital and Clinics,

Madison, WI, USA
Definition

A classification system (A-D) describing glomus

tumors based on anatomic location and size, with

larger lettering representing more extensive tumors.
Cross-References

▶Benign Neoplasia, Paragangliomas-Glomus

Jugulare

▶ Paragangliomas

▶ Skull Base Neoplasms

▶ Surgical Approaches and Anatomy of the Lateral

Skull Base

▶Vascular Anomalies of Head and Neck
Fisch Infratemporal Fossa Approach

▶ Infratemporal Fossa Approach
Fisch Type A Approach

▶ Jugular Foramen, Approaches
Fisch Type B Approach

▶ Jugular Foramen, Approaches
Fisch Type C Approach

▶ Jugular Foramen, Approaches
Fissures of Santorini

Derek Robinson and Bradley W. Kesser

Department of Otolaryngology-Head and Neck

Surgery, University of Virginia Health System,

Charlottesville, VA, USA
Definition

Vertical fissures in the anterior portion of the external

auditory canal cartilage in the region of the bony-

cartilaginous junction.
Cross-References

▶ Pinna and External Auditory Canal, Anatomy
Flap Checks

▶ Free Flap Monitoring in Head and Neck

Reconstruction
Flap Delay

▶Delay of Flap
Flexible Esophagoscopy

▶Transnasal and Rigid Esophagoscopy
Fluency Disorders

Carol Dinnes and Melissa Ghiringhelli

Massachusetts General Hospital, Revere and Chelsea

Healthcare Centers, Department of Speech-Language,

Swallowing Disorders and Reading Disabilities,

Revere/Chelsea, MA, USA

Synonyms

Dysfluency; Stammering; Stuttering
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Definition

▶ Stuttering is a communication disorder that is

characterized by interruption in the flow of speaking.

Dysfluent speech can present as atypical rate, rhythm

and/or sound, and word or phrase repetitions, with

more serious symptoms including speech prolonga-

tions, blocking, or accessory behaviors (e.g., eye

blinking, facial grimaces). In addition to physical ten-

sion and struggle in their speech muscles, people who

stutter often experience embarrassment, anxiety, and

fear about speaking. Perception of others’ reaction to

dysfluent speech may exacerbate stuttering or impact

verbal interaction. People who stutter may limit verbal

participation in certain activities, or try to hide their

dysfluent speech using circumlocution, or pretend to

forget what they wanted to say. In everyday conversa-

tions, most people produce brief dysfluencies from time

to time, such as “um” or “uh.” Stuttering is considered

a problem when disruptions in the flow of speech are

frequent enough to impede communication. The severity

of stuttering can range from mild to severe; communi-

cation may be impacted in isolated events or pervade

communication in all daily activities.
Epidemiology

More than 68 million people worldwide stutter, which

is about 1% of the population. In the United States, that

is over three million Americans who stutter. Stuttering

affects four times as many males as females. Approx-

imately 5% of all children go through a period of

stuttering that lasts 6 months or more. Three-quarters

of those will recover by late childhood, leaving about

1% with a long-term problem.
Clinical Features

Stuttering can manifest at sound, syllable, word,

phrase, sentence, and/or conversational levels. There

are many types of dysfluencies. People may present

with one, several, or all stuttering patterns. Common

features include: interjections such as “um” or “like”;

repetitions of words or parts of words (li-li-like this);

prolongations of speech sounds (lllllike this), or

completely blocked speech (no sound). Some people

who stutter appear very tense or “out of breath” when
talking. Dysfluent speech can be accompanied by

extraneous movements of lips, jaw, or tongue while

attempting to speak.

▶ Stuttering may also present “covertly.” That is,

stuttering may not be visible or audible even to

a trained listener as some people who stutter develop

strategies to enable smooth communication. However,

they report extreme awareness and anxiety in their

effort to avoid ▶ dysfluency.
Tests

Fluency disorders are diagnosed using both informal

observation and standardized testing with a speech-

language pathologist. Standardized test measures,

assess speech fluency in speaking and reading tasks

as well as the patient’s self perception as a verbal

communicator. Test scores reflect an individual’s

performance in comparison to normative data for

people at the same age.
Differential Diagnosis

Neurogenic stuttering is a type of fluency disorder which

typically appears following an injury or disease to the

central nervous system, i.e., the brain and spinal cord,

including cortex, subcortex, cerebellar, and even the

neural pathway regions. In themajority of cases, the injury

or disease that caused the▶ stuttering can be identified.

Neurogenic stuttering behaviors are similar to those

associated with classic fluency disorder (repetitions,

prolongations, blocks). However, most people appear

unaware of or at least unconcerned with the disruptions

in their speech. People speak without apparent effort or

struggle, although speech sounds fragmented, halting,

or is frequently interrupted. Neurogenic stuttering may

occur in any position of a word or sentence, in any class

of words and with equal frequency in any type of

speaking situation. It can also occur in any vocal

behavior such as singing or reciting well-learned pas-

sages. Classic strategies to alleviate stuttering are typ-

ically not effective for neurogenic stuttering.

Normal nonfluency Between the ages of 2 and

5 years many children experience a period of

▶ dysfluency, which most children will outgrow natu-

rally versus classic stuttering which is likely to worsen.

Normal nonfluency often accompanies rapid growth in

http://dx.doi.org/10.1007/978-3-642-23499-6_101008
http://dx.doi.org/10.1007/978-3-642-23499-6_101008
http://dx.doi.org/10.1007/978-3-642-23499-6_100291
http://dx.doi.org/10.1007/978-3-642-23499-6_101008
http://dx.doi.org/10.1007/978-3-642-23499-6_100291
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speech and language development and is typically

characterized by easy repetitions of whole words and

phrases, and interjections of words or hesitations like

“and” or “um.”

Psychogenic dysfluency is a disorder of speech flu-

ency that occurs when no medical factors or history of

classic stuttering are present. Its appearance may be

linked to emotional stress or trauma that the individual

has recently experienced.

Cluttering is characterized by an abnormally rapid

or irregular speaking rate which may result in exces-

sive dysfluencies (interjections, incomplete phrases/

words, revisions), imprecise articulation, frequent

pauses, or atypical speech prosody. Cluttering is fre-

quently linked to poor linguistic planning, whereas

classic stuttering occurs at the motoric level.
Etiology

There are four factors most likely to contribute to the

development of ▶ stuttering:

Genetics: Approximately 60% of those who stutter

have a family member who also stutters.

Child development: Children with other speech and

language problems or developmental delays are

more likely to stutter.

Neurophysiology: Recent neurological research has

shown that people who stutter process speech and

language slightly differently than those who do not

stutter.

Family dynamics: High expectations and fast-paced

lifestyles can contribute to stuttering. Children

and adults who stutter are no more likely to have

psychological or emotional problems than children

and adults who do not. There is no reason to believe

that emotional trauma causes stuttering.
Treatment

Fluency treatment focuses on teaching specific strate-

gies or behaviors to promote fluent verbal communi-

cation. People may learn to monitor and control speech

rate, for example, saying words in a slightly slower,

prolonged or “easy” manner. They may also learn to

coordinate breathing and speaking to reduce and elim-

inate physical tension. Sessions often begin at the level
of syllable or single words and progress to short phrases

and sentences. People gradually learn to increase to

natural speech rate and fluency in longer and more

complex sentences and conversations. Another impor-

tant treatment approach is increasing positive feelings

and attitudes re: self and others, with respect to

stuttering. Periodic “maintenance” or “check-in”

sessions are often recommended following formal

intervention to support continued speech fluency.
Cross-References

▶ Stuttering
References

http://asha.org/public/speech/disorders/stuttering.htm

http://www.nsastutter.org/stutteringInformation/generalIn-

formation.html

http://www.stutteringhelp.org
Flush-Tip Insulated Probe

Angela E. Downes and A. Samy Youssef

Department of Neurosurgery, University of South

Florida, Tampa, FL, USA
Definition

Monopolar electrode composed of a malleable insulated

wire on a probe handle with the insulation being

continuous to the flush tip and thusminimizes the spread

of current to adjacent structures besides the nerve.
Cross-References

▶ Intraoperative Neurophysiologic Monitoring of the

Facial Nerve (VII)
Follicular Thyroid Cancer

▶Well-Differentiated Thyroid Cancer
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Follicular Unit Transplantation

Kofi Derek O. Boahene

Department of Otolaryngology-Head and Neck

Surgery, Johns Hopkins University School of

Medicine, Baltimore, MD, USA
Synonyms

Hair transplantation
 F
Definition

Hair follicles naturally occur in a group of 1–4 hair

shafts with associated nerves, muscle, sebaceous

gland, and blood vessels. This distinct anatomic unit

forms the basis of contemporary follicular unit hair

transplantation. In follicular unit transplantation

(FUT), donor hair is harvested using a long,

thin donor strip that is subsequently dissected into

individual follicular units with the aid of special

microscopes. Under microscopic magnification,

extra soft tissue around the harvested follicles is dis-

sected off leaving an intact follicular unit. Alterna-

tively, the donor hair can be extracted with a small,

round, 1-mm punch-like instrument which avoids

a long scar at the donor site. Follicular unit extraction

(FUE) can also be performed with robotic assistance.

After preparing the follicular units, the grafts

are transplanted into the recipient site created with

a 18–20 gauge needle ensuring a snug fit.
Food Intolerance

▶ Feeding Disorders
Food Selectivity

▶ Feeding Disorders
Foramen of Huschke

Derek Robinson and Bradley W. Kesser

Department of Otolaryngology-Head and Neck

Surgery, University of Virginia Health System,

Charlottesville, VA, USA
Definition

Naturally occurring opening in the anterior portion of

the bony external auditory canal, resulting from

incomplete ossification during development.
Cross-References

▶ Pinna and External Auditory Canal, Anatomy
Forehead Flap

▶ Interpolation Flaps
Foreign Bodies of Esophagus and Airway

Ari DeRowe

Pediatric Otolaryngology Unit, Dana-Dewek

Children’s Hospital, Tel Aviv Sourasky Medical

Center, Tel Aviv University, Sackler School

of Medicine, Tel-Aviv, Israel
Airway

Foreign body aspiration in children can be a life-

threatening accident. In children under 1 year old it is

the most common cause of accidental death (Mofenson

and Greensher 1985; Digoy 2008). Primary care phy-

sicians can help prevent such tragedies by educating

parents regarding the hazards of small objects and nuts

in the child’s environment (Karatzanis et al. 2007).

The child’s anatomy; lack of teeth, specifically molar

http://dx.doi.org/10.1007/978-3-642-23499-6_100443
http://dx.doi.org/10.1007/978-3-642-23499-6_850
http://dx.doi.org/10.1007/978-3-642-23499-6_850
http://dx.doi.org/10.1007/978-3-642-23499-6_532
http://dx.doi.org/10.1007/978-3-642-23499-6_392


Foreign Bodies of Esophagus and Airway, Fig. 1 AP chest

x-ray of plastic foreign body in right main bronchus of 7 year old

Foreign Bodies of Esophagus and Airway, Fig. 2 Same

child shortly after presentation with respiratory distress. The

foreign body has dislodged into the trachea

Foreign Bodies of Esophagus and Airway, Fig. 3 Laryngeal

foreign body (safety pin) in a 6 month old
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for chewing; the tendency to explore the surroundings

orally; and yet undeveloped neuromuscular

swallowing and breathing reflexes put the child at risk.

The evaluation of a child with suspected foreign

body aspiration requires initial evaluation of urgency.

If the child is in respiratory distress or has a suspected

laryngotracheal foreign body, urgent intervention is

required. Otherwise careful history and diagnostic

workup are important. The type of foreign body should

be ascertained. Great emphasis should be placed on

history. When a choking event is followed by persis-

tent respiratory symptoms, a foreign body aspiration is

suspected and rigid bronchoscopy for diagnosis and

management is indicated. Physical exam including

auscultation is performed. One-sided decreased breath

sounds are common in bronchial foreign bodies but the

physical exam may be normal putting emphasis on the

clinical history. Additional workup may include chest

x-ray or fluoroscopy. Figures 1 and 2 show how

unpredictable foreign body management can be. In

Fig. 1, the foreign body appears to be in the right

main bronchus. Following deteriorated breathing,

another chest x-ray (Fig. 2) was performed, revealing

a tracheal foreign body requiring emergent manage-

ment. Figure 3 is an example of a laryngeal foreign



Foreign Bodies of Esophagus and Airway, Fig. 4 Chest

x-ray showing hyperinflation of the left lung and mediastinal

deviation to the right. Hallmarks of a radio-opaque foreign body

in the left main bronchus

Foreign Bodies of Esophagus and Airway, Fig. 5 Same

child as in Fig. 4 following removal of peanut from the left

main bronchus
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body in an 8 month old requiring emergent manage-

ment. In the emergent situation, management is best

carried out in the operating room with trained staff and

appropriate equipment. Fasting status is not relevant.

Batteries, especially the small disk variety, are for-

eign bodies that are highly corrosive to the

aerodigestive tract. Emergent removal is also indicated

in these cases.

Rigid bronchoscopy remains the gold standard in

the evaluation of tracheobronchial pathologies. In

therapeutic interventions such as foreign body

removal, the ability to manipulate the foreign body

while simultaneously ventilating the patient through

the rigid bronchoscope allows for safe and expedient

removal. The introduction of rigid optics and video-

endoscopic monitoring provided a quantum leap in

diagnostic accuracy and safety of the procedure.

The decision to perform rigid bronchoscopy can be

difficult. Risks of the procedure include damage to

vocal cords, laryngeal edema, perforation of tracheo-

bronchial tree, pneumothorax, tension pneumothorax,

pneumomediastinum, hemorrhage into the airway

causing respiratory failure, and damage to teeth.

Also, anesthetic risks should be considered, especially

in a small child with concurrent respiratory disease.

On the other hand, the risk of a retained foreign body is

considerable and can lead to respiratory failure, bron-

chiectasis, lung sequestration, and even death. Careful

preoperative planning and setup for all possible sce-

narios can help avoid these complications allowing for

a safe rigid bronchoscopy.

The classic history of a healthy child, a choking

event followed by persistent respiratory symptoms is

not always the case. Many times the choking incident

is not witnessed and respiratory symptoms can mimic

an URTI, asthma, or persistent pneumonia. In these

cases a high level of suspicion is required to avoid

delayed diagnosis and subsequent complications.

This high index of suspicion is even more important

in neurologically impaired children who are at

increased risk for foreign body aspiration and delay

of diagnosis (DeRowe et al. 2002). Aspirated vegeta-

ble material such as nuts is especially dangerous as the

hydrophilic material expands and a severe reaction in

the bronchus results in complete obstruction, granula-

tion tissue formation, and great difficulty during bron-

choscopy for extraction.

Chest x-rays may help with the diagnosis espe-

cially when history is inadequate. Hyperinflation on
the effected side with mediastinal deviation to the

healthy side is a classic finding as seen in Fig. 4.

This effect is relieved after removal on follow-up

x-ray in Fig. 5. However, in many cases the chest

x-ray can initially appear normal. Auscultation may



Foreign Bodies of
Esophagus and Airway,
Fig. 6 Operating room setup

for rigid bronchoscopy
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reveal decreased breath sounds or unilateral wheez-

ing; however, normal breath sounds may also be

misleading. This makes the diagnosis difficult.

When the history of a choking episode is evident

and there are persistent symptoms such as cough,

fever, or dyspnea or any physical or radiographic

findings, bronchoscopy is indicated. In an asymp-

tomatic child with a positive choking history bron-

choscopy can be deferred (Cohen et al. 2009). It

should be explained to the parents that bronchos-

copy is a diagnostic procedure with the possibility

of therapeutic removal of a foreign body. Avoiding

bronchoscopy may risk missing a foreign

body resulting in damage to the lungs with grave

consequences. Therefore, it will be better to err

on the side of performing a bronchoscopy

with no findings than to miss a foreign body

(Cohen et al. 2009).

The diagnostic conundrum increases when there is

no history of a choking episode. More subtle symp-

toms such as pneumonia unresponsive to antibiotics,

wheezing unresponsive to treatment, or incidental

physical or radiographic signs exist. Again a high

index of suspicion is warranted. In such a situation

flexible bronchoscopy under sedation may be the

diagnostic procedure of choice. If a foreign body is

found, the patient can proceed directly to rigid bron-

choscopy for removal. Some centers suggest flexible
bronchoscopy is adequate for foreign body removal.

However, the precarious nature of some

foreign bodies and lack of control of the airway raise

doubt regarding safety (Nicolai 2001). Communica-

tion between the pediatric otolaryngologist and pedi-

atric pulmonologist is essential in these difficult

cases.

The procedure is undertaken in the operating

room preferably in a tertiary pediatric center with

experienced staff, facilities, and equipment. The

Otolaryngologist and Anesthesiologist share the air-

way and during all stages of the procedure commu-

nication is imperative (Zur and Litman 2009).

Figure 6 is an example of the operative setup.

Rigid bronchoscopy allows for simultaneous visual-

ization, suctioning, manipulation of the foreign

object, and ventilation. Documentation for academic

and medicolegal considerations should be recorded

via the video-endoscopic monitor. When dealing

with a difficult airway always consider inability to

secure the airway with the bronchoscope. A setup

should include the possibility for emergency

tracheotomy.

The bronchoscope is introduced while visualizing

the vocal cords with the laryngoscope and observed

on the video monitor. When the whole team can follow

the procedure on the screen anxiety in the OR is

reduced, increasing the safety of the procedure.
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left main bronchus as seen in rigid bronchoscopy
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Retrieval of the foreign body is performed with optical

forceps. The endoscopic view of Fig. 7 is the peanut

that caused the left bronchial obstruction first seen

in Fig. 4.
Esophagus

Many incidents of swallowed foreign bodies go

unnoticed since there is not necessarily a choking inci-

dent. The peak incidence is 3 years of age. Many blunt

and small items can pass through the digestive track

without sequel. Impaction results in symptoms of dys-

phagia and drooling. In cases of large foreign body

impaction respiratory symptoms may coexist due to

tracheal compression (Reilly et al. 1996). Sharp for-

eign body and disk battery ingestion are emergencies

because of risk of esophageal perforation. Coins are

a common offender. Smaller coins such as dimes

may pass the digestive system uneventfully and can

be followed by serial x-rays. Children at risk include

those who underwent previous esophageal surgery,

e.g., tracheoesophageal fistula repair, and neurologi-

cally impaired children. In any case of suspicion

a diagnosis should be made expediently. The risks

of a retained esophageal foreign body include esoph-

ageal perforation, mediastinitis, sepsis, and stricture
formation. Rare complications include tracheoe-

sophageal fistula and erosion into major vessels

such as the aorta possibly leading to fatal hemor-

rhage. Chest x-ray AP+LAT are adequate for

a radio-opaque foreign body; however, since many

are plastic or food material plain x-rays may not be

enough. A modified barium swallow may help in

such cases. Computed Tomography may also help.

However, even with negative studies and

a reasonable suspicion, esophagoscopy should be

performed as a diagnostic and therapeutic modality.

There is ongoing debate regarding the optimal endo-

scopic management of esophageal foreign bodies. As

endoscopic techniques improve there is a shift

toward flexible esophagoscopy by pediatric gastro-

enterologists as modality of choice (Katsinelos et al.

2006). However, this is largely dependent on institu-

tion policies. Rigid esophagoscopy may have more

of a risk to damage of teeth and trauma to the esoph-

agus. In skilled hands these risks are negligible.

Other techniques such as blind bougienage or bal-

loon catheter extraction should be avoided especially

in small children where the risk of airway compro-

mise outweighs the advantages. Risks of the proce-

dure must be discussed with the child’s caregivers

and weighed against the risks of a retained foreign

body (Uyemura 2005).
Summary

Choking is life threatening in children. If the child

survives the event, other complications, such as

anoxic brain damage, sepsis, and respiratory failure,

may occur. Great efforts should be made to avoid such

incidents with severe regulations regarding small

parts in the child’s surroundings and feeding children

with age appropriate foods. Balloons, latex gloves,

and similar objects are especially deadly. Airway

compromise, disk batteries and sharp objects require

emergent management. Advances in endoscopic diag-

nostic and removal techniques have improved man-

agement and outcomes in these cases. Since not all

episodes are witnessed a high level of suspicion is

required when children present with suggestive symp-

toms. Parents should be educated regarding choking

dangers.
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Ojas A. Shah and Ravindhra G. Elluru

Department of Otolaryngology, Cincinnati Children’s

Hospital and University of Cincinnati College of

Medicine, Cincinnati, OH, USA
Definition

Pharyngeal recess which lies directly posterior and

superior to the torus tubarius.
Cross-References

▶Eustachian Tube, Anatomy and Physiology
Four-Flap Z-Plasty

▶Z-plasty
Frameless Stereotactic Surgery

▶Computer Assistance in Sinus Surgery
Frankfort Horizontal Plane

Derek Robinson and Bradley W. Kesser

Department of Otolaryngology-Head and Neck

Surgery, University of Virginia Health System,

Charlottesville, VA, USA
Definition

In profile view, a plane connecting the highest point of

the opening of the external auditory canal with the

lowest point on the lower margin of the orbit, used to

orient a human skull or head so that the plane is

horizontal.
Cross-References

▶ Pinna and External Auditory Canal, Anatomy
Free Flap

▶ Free Tissue Transfer in the Head and Neck,

Complications
Free Flap Complications

▶Donor Site Complications in Free Flap Surgery

http://dx.doi.org/10.1007/978-3-642-23499-6_566
http://dx.doi.org/10.1007/978-3-642-23499-6_394
http://dx.doi.org/10.1007/978-3-642-23499-6_791
http://dx.doi.org/10.1007/978-3-642-23499-6_532
http://dx.doi.org/10.1007/978-3-642-23499-6_151
http://dx.doi.org/10.1007/978-3-642-23499-6_151
http://dx.doi.org/10.1007/978-3-642-23499-6_772


Free Flap Monitoring in Head and Neck Reconstruction 961 F
Free Flap Monitoring in Head and
Neck Reconstruction

Miriam O’Leary

Department of Otolaryngology, Tufts Medical Center,

Boston, MA, USA
Synonyms

Doppler monitoring; Flap checks
 F
Definition

Free flap monitoring is continuous or intermittent

assessment of a free flap’s blood supply in the early

postoperative period.
Purpose

The purpose of free flap monitoring is early detection of

venous congestion or arterial insufficiency, so that the

patient may be brought back to the operating room as

soon as possible to attempt flap salvage. In the operating

room, the donor and recipient arteries and veins are

closely examined for obstruction; the causes (thrombo-

sis, kinking or twisting of the pedicle, extrinsic compres-

sion) are corrected as quickly as possible to restore

normal arterial inflow and venous outflow for the flap.
Principle

The principle of free flap monitoring is to evaluate for

changes in the arterial supply and venous drainage of

the free flap in the early postoperative period. The most

common cause of free flap failure is venous thrombo-

sis, followed by arterial thrombosis. These events

almost always occur within the first 72 h after surgery,

so this is the critical period for frequent monitoring.
Indication

Free flap monitoring is indicated for every microvas-

cular free tissue transfer.
Contraindication

There is no contraindication to free flap

monitoring. However, certain methods of monitoring

may not be appropriate or feasible in specific cases.

The microsurgeon decides at the time of surgery which

method(s) of monitoring to employ.
Advantage/Disadvantage

The advantage of free flap monitoring is early detec-

tion of free flap vascular compromise, which can facil-

itate flap salvage. New flap monitoring techniques

allow “buried” flaps to be monitored, even though

they cannot be visually inspected. Indirect methods

of monitoring evaluate parameters such as flap oxygen

saturation and metabolic byproducts.

The disadvantage of free flap monitoring is that

some methods of monitoring may give false-negative

and/or false-positive results. Some methods are

unreliable and may not work or stop working even if

the flap is viable. This could result in unnecessary

return to the operating room for exploration. Doppler

monitoring of the arterial signal may provide a false

sense of security since the arterial pulse will persist for

some time even in the presence of venous congestion.

The teammay not determine that the flap is failing until

it is too late to attempt salvage.
Introduction

Microvascular free tissue transfer has revolutionized

head and neck surgery, and is now widely utilized by

head and neck surgeons throughout the world. The

success of free flaps depends upon technically sound,

functional anastomoses between donor and recipient

arteries and veins, as well as adequate microcircula-

tion within the tissues of the flap. Multiple studies

have reported a 95% success rate of free flaps in

head and neck reconstruction. However, flap failure

can still occur in the early postoperative period due to

occlusion of the vascular pedicle. Careful and inten-

sive monitoring during this time allows rapid detec-

tion of compromised blood supply, and facilitates flap

salvage rates of up to 50%. Protocols vary from sur-

geon to surgeon, but generally free flaps are moni-

tored every 1–2 h for the first 48–72 h after surgery

http://dx.doi.org/10.1007/978-3-642-23499-6_100280
http://dx.doi.org/10.1007/978-3-642-23499-6_100400
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Table 1 Clinical parameters of skin paddle

Clinical

parameter

Normal

circulation

Venous

occlusion

Arterial

occlusion

Color Pink Blue/purple Pale or mottled

blue

Capillary

refill time

1–2 s <1 s >2 s, or absent

F 962 Free Flap Monitoring in Head and Neck Reconstruction
(Wang et al. 2009). Over the past few decades, free

flap monitoring has evolved from simple bedside

clinical assessments to use of sophisticated instru-

mentation. Choice of free flap monitoring method

depends on multiple factors, including the surgeon’s

experience and preference, type and location of flap,

and availability of resources.
Dermal

bleeding

Bright red

blood within

5 s

Immediate dark

blood

No bleeding

Tissue

turgor

Full Tense/distended/

swollen

Hollow,

“prunelike”

Temperature Warm Warm to cool Cool
Clinical Parameters of Skin Paddle

For free flaps that contain a skin paddle, direct inspec-

tion of the skin is a mainstay of flap monitoring

(Table 1). A skin paddle with adequate blood supply

will be slightly pink in color. This may be difficult to

assess if the natural skin color of the flap is pale

compared to the surrounding tissues (e.g., oral cavity

mucosa), or conversely if the patient has darkly

pigmented skin. When testing for capillary refill, the

skin will blanch and then the color will return in 1–2 s.

The skin paddle will be warm to touch, although this

can be a misleading parameter, especially for an

intraoral skin paddle, which is surrounded by warm

mucosal surfaces on all sides. Pricking the skin paddle

with a needle will yield bright red blood from the

dermis within 5 s. The parameters of color, warmth,

tissue turgor, and response to pinprick can also be

assessed by direct inspection in muscle-only flaps

(Table 1).

Partial or complete obstruction of the venous anas-

tomosis will become evident as venous congestion of

the skin paddle. An early sign of venous congestion is

abnormally fast capillary refill (less than 1 s). The skin

color will become dusky and eventually turn blue-

purple. The skin will appear and feel distended, swol-

len, and tense. Pricking the skin with a needle will

produce immediate return of dark-colored blood from

the dermis. Partial or complete obstruction of the arte-

rial supply to the flap will manifest as ischemia. This is

much less common than venous congestion. In the case

of arterial occlusion, the skin paddle will be pale or

mottled blue and cool to the touch. Capillary refill will

be slow (more than 2 s) or absent. The tissue turgor will

be decreased and the skin may have a “prune-like”

appearance. Pinprick of the skin will not yield any

blood, but may yield serum (Table 1).

A sudden arterial or venous obstruction such as

a thrombosis will cause an abrupt and marked change
in these parameters from one flap check to the next.

A gradual or partial obstruction will cause more subtle

changes over time. For buried flaps with a skin paddle,

a portion of the skin paddle can be exteriorized to

allow visual inspection. Serial digital images or

video footage can be taken to monitor skin paddle

color over time, and can even be transmitted to the

surgeon at home via the internet, although this permits

evaluation of only one parameter of the flap. The

disadvantage of using clinical parameters to monitor

a free flap is that experience and good clinical judg-

ment are necessary to properly interpret these

findings. The experience of nursing staff and residents

performing these flap checks may vary widely,

and ultimately impact the ability to detect vascular

compromise at an early, potentially salvageable,

stage.
Doppler Monitoring

Serial evaluation of arterial and venous Doppler sig-

nals is another mainstay of free flap monitoring. Loss

of the Doppler signal heralds occlusion of the venous

or arterial pedicle. The simplest way to monitor Dopp-

ler signals is to mark sites on the patient’s skin and/or

on the flap itself, where the flap artery and vein(s) can

be detected by a Doppler probe. A normal arterial

Doppler signal is strong, staccato, and triphasic.

A normal venous signal is fainter, more continuous,

and may sound like rushing wind. It is optimal to

monitor both the artery and vein separately; this may
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not always be possible due to the geometry of the

vascular pedicle and the thickness of the overlying

tissues. But it is imperative to understand that an arte-

rial signal will persist for several hours in the face of

complete venous obstruction, since the arterial system

is high pressure and the venous system is low pressure

(Funk et al. 2010).

Doppler signals can also be monitored continu-

ously with the use of an implantable device. This

consists of a 20 MHz ultrasonic probe mounted on

a silicone cuff which the surgeon wraps around the

venous pedicle. The probe is connected to a thin wire

which is brought out through the wound and plugged

into a monitor at the patient’s bedside. The venous

Doppler signal is continuously audible to anyone at

the patient’s bedside, and therefore simple to follow.

Between postoperative day 5 and 10, the probe can be

separated from the cuff and removed from the wound

by gently pulling on the wire. Sudden loss of the

Doppler signal can indicate venous occlusion, but

changes in patient position may alter the position of

the probe and lead to loss of signal. Proper placement

of the cuff and securing of the wire are crucial

to the success of this monitoring modality. Notable

false-positive and false-negative rates have been

reported using implantable Doppler probes (Farwell

and Luu 2009). This system is used most commonly

for buried flaps, such as in pharyngoesophageal

reconstruction, but is applicable to any free flap.
Color Duplex Sonography

Color duplex ultrasonography is another method for

monitoring free flap vascularity. This noninvasive

modality records blood flow velocity and direction,

and can be examined both within the flap and in the

recipient vessels. The combined color flow and spec-

tral images provide a precise and quantitative analysis

of blood inflow and outflow for the flap. However, this

monitoring modality necessitates ultrasonography

expertise, as well as knowledge of the flap vessel

geometry for that patient. Practically speaking, the

microvascular surgeon and a radiologist both have to

be present during the ultrasound to yield useful infor-

mation from this study. Therefore, it is not feasible to

use this monitoring modality more than once a day

(Smit et al. 2010).
Laser Doppler Flowmetry

Laser Doppler flowmetry is a continuous noninvasive

monitoring modality. In this system, a coherent laser

light is delivered through a fiber-optic cable to illumi-

nate flap tissue. The same probe collects the light that

is reflected back, and a frequency shift is detected by

the system. The power-spectral density of shifted light

varies with the velocity of moving cells in the tissue.

Therefore, the probe can follow trends in the velocity

of flap blood flow in order to identify an anastomotic

occlusion. The probe can detect blood flow to a depth

of 8 mm in the flap tissue. With this monitoring modal-

ity, trends in blood flow velocity are more important

than absolute measurements, especially in cases of

venous congestion. The probe must secure firmly to

the flap tissue, and motion of the probe or tissue can

interfere with readings. Laser Doppler flowmetry has

been combined with tissue spectrometry and tempera-

ture sensors to improve the monitoring accuracy (Smit

et al. 2010).
Near-Infrared Spectroscopy

Near-infrared spectroscopy (NIS) is another noninva-

sive continuous method for evaluating flap vascularity.

NIS functions similar to a pulse oximeter in following

free flap vascularity. It uses optical spectrometry to

measure the hemoglobin content and oxygenation of

tissues. A probe is attached to the flap which delivers

specific wavelengths of near-infrared light to the flap

tissue. Hemoglobin in the tissue selectively absorbs the

light and therefore reduces the light intensity; this

altered optic signal from the flap tissue is analyzed to

determine the hemoglobin concentration in the tissues.

The near-infrared light can penetrate tissue up to

a depth of 2 cm. The monitor displays the result as an

oxygen saturation, which is a familiar and easy param-

eter for all levels of health care providers to follow

(Wang et al. 2009). Studies have demonstrated that

NIS can detect vascular compromise before it is clin-

ically evident. The measurements are apparently not

affected by movements of the probe, although obvi-

ously the probe needs to be attached to the flap in

a secure manner, which must also be easy to remove

when it is no longer needed; this may be challenging in

flaps which are difficult to access. Also, the probe only
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covers a small area of the flap, which may not be

representative of the whole (Farwell and Luu 2009).

These NIS systems are fivefold more expensive than

the implantable Doppler system, and twice as expen-

sive as the laser Doppler flowmeter.
Microdialysis

Microdialysis is an invasive monitoring modality which

is not in widespread clinical use. For this system,

a double-lumen microdialysis catheter the size of an

18-gauge needle is placed into the flap tissues. This

catheter is connected to a small pump which instills

physiologic fluid through the catheter and across

a dialysis membrane, where it equilibrates with intersti-

tial fluid of the flap tissues. Samples of the perfusate are

analyzed for levels of glucose, lactate, pyruvate, and

glycerolmetabolites, which indicate the metabolic status

of the flap. If the glucose level decreases and the lactate

to pyruvate ratio increases, it indicates that anaerobic

metabolism is occurring, which signifies arterial com-

promise. Increasing glycerol levels indicate cell

membrane damage, which can occur in either venous

congestion or arterial insufficiency. Like NIS,

microdialysis can identify vascular compromise

before clinical signs develop. However, it takes practice

to learn how to use the system, and each fluid analysis

takes 30 min (Smit et al. 2010). It is also much more

expensive than other monitoring system currently in use.
Conclusion

There are multiple different ways of monitoring arte-

rial supply and venous drainage of a free flap in the

early postoperative period. The most basic method,

and still most widely used, is clinical inspection of

the flap with attention to specific clinical parameters.

But several other modalities are available which can

detect vascular compromise before it is clinically

apparent, and therefore optimize the surgeon’s ability

to salvage a compromised flap. Use of more than one

monitoring modality can provide complementary data

about the flap’s vascularity. Most head and neck

microvascular surgeons in this country utilize clinical

inspection plus Doppler monitoring (Spiegel and Polat

2007). Sophisticated instruments have been developed
to analyze many other indicators of a flap’s viability.

However, more information must be balanced against

cost-effectiveness, as the newer technologies are many

times more expensive than clinical inspection or use of

a handheld Doppler. Ultimately, no matter what

method is used to monitor a free flap in the early

postoperative period, the microsurgeon’s experience

and clinical judgment will determine which flaps

return to the operating room for exploration and poten-

tial salvage.
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Free Tissue Transfer in Head and Neck, Fig. 1 This patient

has had a laryngectomy with bilateral neck dissections. He was

reconstructed primarily, but his wounds did not heal. Given time

he could be reconstructed
Introduction

Reconstruction of ablative defects of the head and

neck has undergone an evolutionary shift and growth

over the last decades. Prior to the introduction of

antibiotics, surgical treatment of head and neckmuco-

sal cancer, while successful in small volume disease,

was fraught with multiple complications due to the

high rate of infection. With the advent of good anti-

biotic prophylaxis and improved anesthesia tech-

niques, the ability to resect tumors in the head and

neck area with acceptable morbidity and mortality

was markedly improved. Many of the ablative

procedures that are performed today can trace their

routes to anatomical dissection and ablations that

were performed many decades ago. While there

have been many innovations in the technique of

surgical ablation, the anatomic foundation that under-

lies the tissue blocks to be removed has not changed.

Unfortunately, removal of composite tissue of the

head and neck for oncologic reasons is complicated

by the reconstructive process. The structures that are

often times resected are involved in many of the

important functions of the upper aerodigestive tract.

Communication is an essential aspect of quality of

life. Proper communication involves not only the pro-

duction of sound but it is modulation to form under-

standable language. In order to produce acceptable

and understandable sounds many structures of the

upper aerodigestive tract are involved. These start at

the larynx with the production of sound and then it is

modulation by the structures of the oral cavity and
tongue. The abilities to chew, swallow, and eat are all

intricately related to the structures starting in the lips

and proceeding down into the cervical esophagus.

Any reconstructive modality of these structures must

consider these multiple functions. The composite tis-

sues involved in these functions; mucosa with its

supple motion, the underlying soft tissue, the

soft tissue supportive structures whether they are car-

tilage or bone, and the muscular three-dimensional

movements that are required for these functions all

have important ramifications when considering

reconstruction.

Using minimal reconstructive techniques with

local tissue, most patients will still heal although the

functional and cosmetic sequelae can be quite consid-

erable. The Andy Gump deformity and the chronic

fistula patient are all familiar to older surgeons who

have lived through the era prior to the introduction of

improved reconstructive techniques (Fig. 1) (Briant

1977). The priority of reconstructive surgeons is now

to functionally rehabilitate the patient. To do this, it

has been found that the best method of reconstruction

involves replacement of the composite soft tissue

defects with composite soft tissue. The use of

a pedicled flap with the pectoralis major muscle rev-

olutionized reconstruction in that it brought

vascularized tissue from an untreated area that was

remarkably healthy and allowed for healing and clo-

sure of many of the chronic wounds seen in our head



Free Tissue Transfer in Head and Neck, Fig. 2 This defect

includes the mandible, maxilla, lateral temporal bone, and skull

base. The volume and complexity of the defect requires multiple

high volume composite tissues
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and neck oncologic practice (Liu et al. 2001). This

flap became the work horse for reconstruction. It

allowed patients to leave the hospital at much earlier

times and remarkably decreased the morbidity of the

procedure in the postoperative period. However, the

lack of ability to conform this tissue to a three-

dimensional structure, a lack of bone, and limitations

on its arc of rotation meant that it was still limited in

the functional rehabilitation and somewhat in its

reconstructive use. There remained a number of prob-

lem area in head and neck reconstruction that were

poorly addressed by regional pedicled flaps.

Pharyngo-esophageal reconstruction, ▶mandibular

reconstruction, and ▶ skull base reconstruction were

all compromised, although improved, with the use of

the pectoralis major flap (Fig. 2). Improvements in

intra- and postoperative care along with the expansion

of radiation and chemotherapy techniques saw the

complexity of reconstructive needs multiply dramat-

ically. Free tissue transfer allowed for replacement of

the composite tissue defect with a vascularized source

of composite tissue. Bone and large volume soft tissue

defects could be replaced with bone and soft tissue

from distal parts of the body. A multitude of donor

sites allowed one to tailor the replacement tissue with

similar structured tissue and volumes (Rosenthal et al.

2007). Thus, as the continued use of free tissue trans-

fer progressed, the functional and aesthetic outcomes

were improved.
Historical Perspectives

The history of microvascular surgery extends back to

1759 when Howell employed a pin and circumferential

suture technique (Watts 1907). Up until the early 1900s,

several different materials were used as a permanent

intravascular stent. Vascular structures were then tied

over the top of these stents. The continued exposure to

foreign bodies, along with the decreasing cross-

sectional diameter, did not allow for much success or

for long-term patency. Alex Currell, in 1902, success-

fully transplanted a segment of small bowel into the

neck of a dog, using the jugular and carotid artery as

recipient vessels (Carrel 1902). The subsequent intro-

duction of the operating room microscope set the stage

for expanded application for small vessel work. In 1957

Sitenberg et al. was credited with the first successful

clinical application of a free tissue transfer (Seidenberg

et al. 1959).While the patient died on postoperative day

seven, the autopsy confirmed a patent anastamosis. Con-

tinued work over the next decades involved incorpora-

tion ofmicrosurgical techniques with an operating room

microscope and better suture placement in the labora-

tory. Reports of 100% patency rates in dogs and rabbits

became quite common.

Refinements in the use of end-to-end and end-to-

side anastamosis in the late to mid-60s allowed for

consistent patency and survival of transferred tis-

sues with dissimilar vessel diameters. Refinements

in instrumentation introduced by Buncky and

Ackland set the state for a consistent free tissue

experience in the human setting (Acland 1977). In

the 1970s, many authors explored and described the

vascular anatomy in sites ranging from the radial

forearm to the iliac crest, composite bone and soft

tissue and muscle flap, based on a single vascular

pedicle. In 1977 Panje and colleagues are credited

with the first groin transfer flap for oral pharyngeal

reconstruction following cancer ablation (Panje

et al. 1977). Subsequent to that, the introduction of

free tissue transfer was popularized in the Otolaryn-

gology literature (Urken 1991; Hayden 1991). With

the advent of increasing technical expertise avail-

able in Otolaryngology, free tissue transfer became

a reliable and highly successful alternative to

pedicle flap reconstruction.

Today, the majority of Otolaryngology – Head and

Neck Surgery programs have a number of microvas-

cular trained head and neck oncologic, ablative, and

http://dx.doi.org/10.1007/978-3-642-23499-6_74
http://dx.doi.org/10.1007/978-3-642-23499-6_74
http://dx.doi.org/10.1007/978-3-642-23499-6_93
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reconstructive surgeons on faculty who perform the

majority of the reconstructions.
F

Characteristics of Free Tissue Used in the
Head and Neck

Tissues available for composite free tissue transfer can

be harvested from almost any anatomic site.

A characteristic of the human anatomy is that signifi-

cant anatomic structures are often supplied proximally

by a named arterial vessel that is accompanied by

venous outflow from that area. Thus most anatomic

sites can trace their dominant blood supply to a single

named vascular pedicle. Another fortunate character-

istic is that many soft tissue structures have anasto-

motic plexus with local tissues supplied by different

vascular plexus. Thus sacrifice of the main vascular

pedicle does not adversely affect the local surrounding

tissues. This concept of overlapping vascular supply is

often referred to as the angiosome concept. In this

model, the primary area of supply is considered the

first ▶ angiosome, while the overlapping area is con-

sidered the second angiosome. The adjacent tissues

that are independent of the neighboring vascular sup-

ply are considered the third angiosome (Taylor et al.

2011).

One must remember that the tissue that is being

used for reconstruction comes from a distant site.

While in that site it had a certain function. Harvesting

this tissue for transfer can leave a functional deficit

based on the tissues removed or the dissection process

itself. For example, harvesting the radial forearm

fasciocutaneous flap involves removal of skin, subcu-

taneous tissue, and fascia, along with the radial artery

from the forearm. Similarly harvesting the ▶fibula

osteocutaneous free flap involves extensive dissection

of all compartments of the lower leg. It also involves

sacrifice of one of the vascular supplies to the leg and

the placement of a split thickness skin graft in

a compromised bed. Thus there are a number of factors

that determine the anatomic donor sites that one can or

wishes to use for reconstruction.
Donor Site Considerations

The first and foremost consideration in deciding which

donor site to use is can that particular donor site
tolerate the sacrifice of a vascular and anatomic unit.

The▶fibular flap is an excellent replacement for bony

and soft tissue components in the jaw or maxilla;

however, harvesting from that site requires removal

of the peroneal artery which is one of the three vessels

supplying the lower leg and foot. Unfortunately,

a significant number of patients in the head and neck

oncologic practice also have peripheral vascular dis-

ease due to underlying comorbidities. In these patients,

vascular supply to the distal extremity may be

compromised from the normal. Sacrifice of the pero-

neal artery may significantly affect the wound healing

characteristics of the lower leg. Loss of the foot or toes

has been rarely reported.

Another consideration in deciding which tissue site

to use in free flap reconstruction is what the ablative

defect encompasses. Composite tissue defects are best

reconstructed with composite free tissue flaps. Thus,

resection of the bone and soft tissue is best replaced

with bone and soft tissue. Removal of soft, three-

dimensional structures such as the tongue or soft pal-

ate, require replacement with a supple three-

dimensional structure. Large volume defects, such as

skull base, maxillectomy, or orbital exenterations

require large volume replacement with tissues that

can be supplely manipulated to obliterate the defect.

Each of these particular defects brings with it recon-

structive needs that must be addressed by the tissue

that is to be harvested from a distant site. Oftentimes it

is possible to match the donor site tissue characteristics

and volume to the tissues that were removed from the

ablative sites (Smith et al. 2007). In many patients,

exact matches are not possible. An excellent example

of this is the antero lateral thigh flap. This is the

primary reconstructive modality in many Asian insti-

tutions. The typical Asian patient has a very thin,

pliable, anterolateral soft tissue and skin component,

making it moldable and high volume. It can be used to

reconstruct many soft tissue defects in the head and

neck regions. In many North American Caucasians the

adipose component is higher, and thus the tissue char-

acteristics are not similar (Fig. 3). A radial forearm flap

is often better suited for reconstruction of these three-

dimensional defects. A drawback to the radial forearm

flap is the volume of tissue that can be transplanted is

limited (Fig. 4).

Finally, when deciding on a donor site, one must

consider what the functional and healing morbidity

will be to the patient. As an example, the radial forearm

http://dx.doi.org/10.1007/978-3-642-23499-6_100055
http://dx.doi.org/10.1007/978-3-642-23499-6_158
http://dx.doi.org/10.1007/978-3-642-23499-6_158
http://dx.doi.org/10.1007/978-3-642-23499-6_158


Free Tissue Transfer in Head and Neck, Fig. 3 The Antero

Lateral Thigh flap can yield a high volume tissue replacement

that is limited in its ability to be folded in three dimensions

Free Tissue Transfer in Head and Neck, Fig. 4 The radial

forearm fasciocutaneous flap is a low volume flap with excellent

three-dimensional mobility

Free Tissue Transfer in Head and Neck, Fig. 5 This

intraoperative photo demonstrates a hemi glossectomy defect
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free flap involves extensive dissection of muscle and

soft tissue the forearm. Using modern reconstructive

techniques, a skin graft can be harvested with minimal

morbidity and be placed on a wound bed that is recep-

tive. In the majority of patients, healing can take place

with a little long-term functional morbidly. However,

long-term functional morbidity is not the same as

short-term functional morbidity. Most of these patients

will have marked decreased mobility and function of

the arm. Coupled with extensive procedures in the

head and neck area and the requirement to care for
tracheotomy tubes and feeding tubs, significant mor-

bidity can be encountered. Thus, the determination of

the appropriate donor site must take into account all of

the above considerations.
Fasciocutaneous Free Flaps

Fasciocutaneous free flaps are a group of free flaps that

consist of variable amounts of skin, subcutaneous tis-

sue, and fascia. They are named fasciocutaneous

because the vascular supply is through a named artery

that runs in the fascia. The perforators that supply the

skin come through the subcutaneous tissue and then

through the subdermal plexus supply the overlying

skin. These flaps can be thin and pliable, such as

the radial forearm or they can be thick and essentially

two dimensional such as rectus skin perforator flaps

or anterolateral thigh flaps. The skin is an excellent

replacement for mucosa and the variable amounts

of subcutaneous tissue lets one choose among the

various options depending on the volume and the

three-dimensional requirements for reconstruction

(Figs. 5, 6). The tissue characteristics are delineated

in the table for the various fasciocutaneous flaps.

(Table 1) It should be mentioned that a number of

fasciocutaneous flaps may be transferred with other

composite tissues such as the ▶ fibula osteocutaneous,

the radial osteocutaneous, or the ▶ scapula.

One characteristic of the various fasciocutaneous

free flaps is that their anatomy and vascular

http://dx.doi.org/10.1007/978-3-642-23499-6_158
http://dx.doi.org/10.1007/978-3-642-23499-6_100941


Free Tissue Transfer in Head and Neck, Fig. 6 A hemi

glossectomy defect has been repaired with radial forearm free

flap. The supple forearm skin is an excellent replacement for

a hemi tongue

Free Tissue Transfer in Head and Neck,
Table 1 Similarities and differences among the different

fasciocutaneous flaps used in reconstruction of head and neck

defects

Fasciocutaneous

flap Advantages Disadvantages

Radial forearm Thin, pliable tissue

paddle

Donor site visible

Large caliber,

long vascular

pedicle

Requires skin graft

Consistent anatomy Potential for vascular

compromise of hand

Technically

straightforward

Two-team approach

possible

Ulnar flap Thin, pliable tissue

paddle

Potential for ulnar nerve

injury

Relatively hairless Smaller, shorter

vascular pedicle than

radial forearm flap

Two-team approach

possible

Two venous

anastomoses

Donor site visible

Requires skin graft

Anterolateral

thigh

Large skin paddle

available

Inconsistent vascular

anatomy

Versatile in volume Technically challenging

Primary closure

usually possible

Poor color match

Low donor site

morbidity

Lateral thigh numbness

Two-team approach

possible

Lateral arm Thin, pliable tissue

paddle

Small caliber, short

vascular pedicle

Donor site easily

hidden

Potential for radial

nerve injury
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size are relatively consistent. The most popular

fasciocutaneous flaps that are currently used are the

radial forearm (Table 2), the anterolateral thigh

(Table 3), and the ▶ scapula (Table 4). The tissue

characteristics are all different so it is possible to tailor

the reconstructive tissue to the ablative defect with

some precision.

In some instances, such as the scapula or radial

osteocutaneous, the fasciocutaneous flaps can be trans-

ferred by themselves. In others, such as the latissimus

dorsi or the fibula free flap, the tissues require com-

posite fascia and skin as well as the underlying bone or

muscle to preserve the perforators.

Primary closure

usually possible

Poor color match

Two-team approach

difficult

Scapular flap Large skin paddle

available

Repositioning patient in

operating room

Soft, pliable tissue

paddle

Bulky, thick skin

Large caliber, long

vascular pedicle

Low potential for

transfer as sensate flap

Good color match Two-team approach

difficult

Versatile three-

dimensional

positioning in donor

site

Low donor site

morbidity

Versatile in volume
Myocutaneous Free Flaps

Another common type of free tissue that is utilized in

head and neck reconstruction are myogenous or

myocutaneous free flaps. These flaps have

a vascularized muscle with a named artery. The vessel

traverses into the muscle for a variable distance and

then divides in a variable fashion. While this intramus-

cular branching can be variable the vascular supply to

the muscle and the skin overlying it is consistent. Thus

the muscle can be utilized on a consistent basis. The

vascular supply to the muscle then exits the muscle and

sends perforators to the skin overlying the muscle. This

allows the skin and muscle to be transferred as a

http://dx.doi.org/10.1007/978-3-642-23499-6_100941
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forearm free fasciocutaneous flap

Artery

Artery

diameter Vein(s)

Pedicle

length Nerve

Radial

artery

2.5–

3 mm

Paired venae

comitantes (may

converge into one)

and/or cephalic

vein

Up to

20 cm

Lateral

antebrachial

cutaneous

nerve

Free Tissue Transfer in Head and Neck,
Table 3 The anterolateral thigh free fasciocutaneous flap

Artery

Artery

diameter Vein(s)

Pedicle

length Nerve

Descending

branch of lateral

femoral

circumflex artery

1.5–

3.5 mm

Paired

venae

comitantes

Up to

7 cm

Lateral

femoral

cutaneous

nerve
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unit, as a myocutaneous free flap. Alternatively the

muscle can be covered with a split thickness skin

graft (Figs. 7, 8). The Rectus Abdominus and

Latissimus Dorsi myocutaneous flaps are the most

commonly utilized muscle flaps in head and neck

reconstruction. Other flaps such as the Gracilis,

Serratus Anterior, and Vastus Lateralis have also

been used occasionally in the head and neck.

Both the myocutaneous or muscle only free flaps

are ideal for a number of purposes in head and neck

reconstruction. The muscle provides a high volume

replacement for some large volume oncologic abla-

tions. The ability of the muscle to fold into three-

dimensional structures, and fit into nooks and

crannies, allows it to seal many areas where the

inelasticity of other flaps causes problems. This is

a particular need in reconstruction of skull base

defects (Chiu et al. 2008). The multitude of potential

spaces and “nooks and crannies” that need to be filled

to obliterate the dead space and isolate the intracranial

contents are great. A large volume flap that can fit into

many spaces is required. The rich vascularity of the

myocutaneous flap also allows replacement in

patients who have seen multiple previous treatment

paradigms, including radiation, surgery, and previous

chemotherapy. The muscle heals rapidly and adheres

to the previously treated surfaces quite well. While
the choice between one muscle flap or another may

depend on surgeon preference there are disadvantages

and advantages to each that should be considered

(Table 5).
Bony Free Flaps

Disturbing the continuity of themandible or maxilla is

associated with a significant functional, rehabilita-

tive, and cosmetic deformity. These structures play

a critical role in the self perception that we have and

what we present to the world. Any deformity no mat-

ter how slight is immediately perceived by an

observer and more importantly by the patient. All

the functional aspects of the upper aerodigestive

tract are dependent on a functional and anatomically

intact mandible and maxilla. Disturbing this bony

continuity can have devastating functional outcomes.

This issue has been addressed since the first oncologic

or traumatic ablation presented to the reconstructive

surgeon. Mandibular and maxillary reconstruction

was a difficult problem for reconstructive surgeons

until the advent of vascularized bone was introduced

into the reconstructive field. The use of free bone

grafts has worked well for uncontaminated or small

mandibular defects. It is well documented as being

efficacious in the oral-maxillofacial surgery literature

for their reconstructive procedures. Unfortunately,

head and neck oncology often involves a large bony

as well as tissue resection. The opening of the neck

tissues with resection of the bony structures of the

mandible or maxilla exposed the underlying surgical

bed to the infected or contaminated surface of the

aerodigestive tract. This led to a high incidence of

extrusion or infection when nonvascularized bone

grafts were utilized. Further compounding the issue

is the frequent use of preoperative or postoperative

radiation in these patients. This added considerably to

the morbidity.

▶Mandibular reconstruction was introduced by

Ostrup and Frederickson in 1974 in a canine model

(Ostrup and Fredrickson 1974) and then by McKee

et al. who used a revascularized rib. The ▶ fibula and

radial forearm osteocutaneous flaps are now the

most commonly utilized bony-soft tissue flaps for

reconstruction of mandibular defects in the head and

neck. Iliac crest was extremely popular in the past,

but has been less utilized because of donor site

http://dx.doi.org/10.1007/978-3-642-23499-6_74
http://dx.doi.org/10.1007/978-3-642-23499-6_158


Free Tissue Transfer in Head and Neck, Fig. 7 This

Latissimus Dorsi muscle is going to used as a replacement for

a scalp defect. Only the muscle has been elevated

Free Tissue Transfer in Head andNeck, Fig. 8 The scalp has

been reconstructed with the Latissimus Dorsi muscle. A split

thickness skin graft has been used to provide external coverage

Free Tissue Transfer in Head and Neck,
Table 5 Differences and similarities between the common

myocutaneous flaps used in head and neck reconstruction

Myocutaneous

flap Advantages Disadvantages

Latissimus

dorsi

Large caliber, long

vascular pedicle

Repositioning patient in

operating room

Large surface area

available

Two-team approach

difficult

Versatile in volume Unpredictable final

volume after atrophy

Transferred as free

or pedicled flap

Frequently requires

revision

Low donor site

morbidity

Poor color match

Primary closure

usually possible

Technically

straightforward

Rectus

abdominus

Large caliber, long

vascular pedicle

Potential for ventral

hernia

Large surface area

available

Requires abdominal

wall reconstruction

Versatile in volume Unpredictable final

volume after atrophy

Consistent anatomy May require revision

Primary closure

usually possible

Poor color match

Free Tissue Transfer in Head and Neck, Table 4 The scapula free fasciocutaneous flap

Artery Artery diameter Vein(s) Pedicle length Nerve

Circumflex scapular artery (may

be followed to subscapular artery)

4 mm (6 mm if followed

to subscapular artery)

Paired

venae

comitantes

7–10 cm (11–14 cm

if followed to subscapular

vessels)

(dorsal cutaneous rami of

T1 and T2 experimental)
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morbidity, unreliability of the skin paddle, and bet-

ter composite tissue options. A scapular free tissue

transfer allows for a limited length of bone of good

stock, but because of technical difficulties and

inability to perform as a two-team procedure, has
also fallen out of favor in most microvascular recon-

structive surgeons’ hands (Table 6).

Radial forearm osteocutaneous flap allows for sup-

ple skin to be transferred with the bone. A small piece

of bone up to 10 cm can be utilized (Fig. 9) and is thin

but with sufficient plating will routinely heal well

(Fig. 10). The radial forearm osteocutaneous flap fell

into disfavor a decade or so ago because of the high

incidence of radial forearm bone fractures. With revi-

sions in surgical technique and routine plating, this no

longer happens and the flap has been shown to be

reliable for many head and neck reconstructions

(Waits et al. 2007) (Table 7).
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Table 6 Similarities and differences between the

osteocutaneous free flaps that are commonly used in head and

neck reconstruction

Osteocutaneous

flap Advantages Disadvantages

Fibular Up to 25 cm of bone

available

Usually requires skin

graft

Large caliber,

long vascular pedicle

Potential for vascular

compromise of lower

extremity

Ideal bone height Skin paddle fixed to

bone

Multiple osteotomies

possible

Moderate donor site

morbidity

May be used for total

mandibular

reconstruction

May be difficult to fit

with dental prostheses

(dentures)

Accepts endosseous

dental implants

Two-team approach

possible

Radial forearm Thin, pliable tissue

paddle

Limited bone length

and height

Large caliber, long

vascular pedicle

Donor site visible

Consistent anatomy Requires skin graft

Versatile

positioning in

recipient site

Potential for vascular

compromise of hand

Supports dental

prostheses (dentures)

Risk of radius fracture

Two-team approach

possible

Plating of radius

recommended

Scapular Large skin paddle

available

Repositioning

patient in operating

room

Skin paddle may be

oriented independent

of bone axis

Limited bone height

Versatile in volume Bulky, thick skin

Multiple osteotomies

possible

Potential for long-

term shoulder

dysfunction

Primary closure

usually possible

Low potential for

transfer as sensate flap

Minimal atrophy Two-team approach

difficult

Good color match

Iliac crest Large skin paddle

available

Bulky skin paddle

Contour similar to

mandible

Short pedicle

Donor site easily

hidden

Not pliable in three

dimensions

(continued)

Free Tissue Transfer in Head and Neck, Table 6
(continued)

Osteocutaneous

flap Advantages Disadvantages

Primary closure

usually possible

Donor site morbidity

– pain, hernia

Supports endosseous

dental implants

Requires abdominal

wall reconstruction

Two-team approach Technically

challenging

Small caliber, short

vascular pedicle

Poor color match

Free Tissue Transfer in Head and Neck, Fig. 9 A radial

osteocutaneous free flap has been harvested. Notice the bone is

attached to a mobile thin supple cutaneous portion

F 972 Free Tissue Transfer in Head and Neck
The ▶ fibula supplies the best and most diverse

options for reconstruction of large bony defects

(Table 8). Up to 25 cm of bone with a large skin paddle

can be harvested (Fig. 11). The donor leg does not

require any reconstruction or prophylactic plating.

The cutaneous defect is best reconstructed with

a split thickness skin graft that can be harvested from

the donor site prior to harvesting the flap. Functional

morbidity can be quite high with many patients requir-

ing extensive rehabilitation and physiotherapy before

they regain their preoperative functional status.

Peripheral vascular disease is frequently encountered

in this patient population. While some feel that having

one vessel left to supply the leg is adequate, with the

plethora of other flaps available it is best to look

http://dx.doi.org/10.1007/978-3-642-23499-6_158
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elsewhere for bone if there is any doubt about the

vascularity of the leg and foot (Fig. 12) (Miller et al.

2011).

The bone of the fibula is hardy and can withstand

the multiple osteotomies that may be required to shape

it to fit the contour of the resected mandible or maxilla.

The skin paddle is not as flexible as that of the radial

forearm but it can be used to reconstruct the soft tissue

defect adequately.

Use of bone allows for tissue implants and rehabil-

itation with denture implants (Fig. 13). This has

been well documented and described in the

literature and is quite efficacious. Unfortunately the
Free Tissue Transfer in Head and Neck, Table 8 The fibula o

Artery

Artery

diameter Vein(s)

Peroneal

artery

1.5–4 mm Paired peroneal veins (may converge

into one)

Free Tissue Transfer in Head and Neck, Table 7 The radial fo

Artery

Artery

diameter Vein(s)

Radial

artery

2–2.5 mm Paired venae comitantes (may converge into

one) and/or cephalic vein

Free Tissue Transfer in Head and Neck, Fig. 10 The radial

forearm osteocutaneous flap has been used to reconstruct

a mandibular defect. The bone of the forearm has been

osteotomized to conform to the mandibular contour
cost is prohibitive in this patient population and this

must also be considered.
Selective Issues in Free Tissue Transfer

Many of the specialized functions of the upper

aerodigestive tract rely on normal sensation of the

mucosal and deeper structures. The ability to talk,

swallow, chew, and phonate all depend on adequate

sensory feedback being available and interpreted in an

efficacious manner. Any resection or oncologic abla-

tion will have an effect on this function since the

ablation will remove the sensing tissue. During neck

dissection or tumor ablation, many sensory nerves

that primarily innervate structures of the head and

neck area can be resected or removed. Adding to this

are the effects of ancillary treatments such as radia-

tion or chemotherapy which can have a denervation

effect on the linings or deep structures of the head and

neck. One only has to recall the feeling of dental

anesthesia to realize the morbidity that lack of sensa-

tion in the lip, tongue, or other structures can induce.

The ability to reinnervate or provide sensation to

areas of the head and neck from which it has been

removed is a rehabilitative potential that is being

explored. It has been noted that spontaneous

reinnervation will occur from the nerves either deep

in the bed of the resection margin or as in growth from

the periphery.

In thin flaps, such as the radial forearm flap,

recovery and the pattern of recovery can be quite

variable. Almost half of patients will recover some
steocutaneous free flap

Pedicle

length Nerve Bone

Up to 8 cm Lateral sural cutaneous

nerve

Fibula (up to 25 cm length)

rearm osteocutaneous free flap

Pedicle

length Nerve Bone

Up to

20 cm

Lateral antebrachial

cutaneous nerve

Radius (up to 12 cm length)



Free Tissue Transfer in Head and Neck, Fig. 11 The fibula

osteocutaneous free flap provides the most bone with a large skin

paddle for composite tissue reconstruction

Free Tissue Transfer in Head and Neck, Fig. 12 This leg

demonstrates many of the signs of vascular insufficiency and

should not be considered as a donor site for bone

Free Tissue Transfer in
Head and Neck, Fig. 13 A

fibula free flap was used to

reconstruct this mandibular

defect. It has healed and this

panorex demonstrates bony

union and the placement of

implants

F 974 Free Tissue Transfer in Head and Neck
sort of sensation in a thin flap. Thicker flaps will not

recover as well.

Many of the fasciocutaneous free flaps that are

used for reconstruction in the head and neck, such

as the radial forearm, ulnar, and even scapula can be

harvested with a sensory nerve that supplies the skin

of the donated area. Anastamosis to the supplying

sensory nerve of the head and neck is usually some-

thing that can be performed and is well within the

armamentarium of most reconstructive surgeons.

Urken et al. looked at 17 patients who underwent

sensate radial forearm flaps for glossectomy defects

(Urken 2004). Objective testing demonstrated that

return of sensation was excellent. One of the issues

that arose during the evaluation of these patients

was that the recovery of sensation in the transferred

tissue seemed to be greater than one would expect

from the neural representation in forearm tissue. It

may be that the forearm did indeed become more

like mucosa in the head and neck from a sensory

input perspective.

While there have been many studies that show that

reinnervation of the radial forearm flaps provides

good two point discrimination, such as light touch

and temperature, very little has been done to describe

the effect of reinnervation on functional or quality of

life outcomes. It is well within the armamentarium of

the reconstructive surgeon to reinnervate these flaps.

As to whether this provides better function or not is

unknown. It has been well established that degree of

resection of the tongue volume is one of the greatest

determinants of oral rehabilitative potential;

whether reinnervated flaps will affect this is undergo-

ing study.
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Synonyms

Free flap; Microvascular free flap

Since the 1970s, the use of free tissue transfer to

reconstruct complex head and neck defects became

popular with the realization that regional flaps do

pose specific limitations. The success rate of micro-

vascular free tissue transfers to the head and neck

region is reportedly greater than 95% in larger series

(Bui et al. 2007; Suh et al. 2004; Bianchi et al. 2009).

Despite the reported success rates, it is important to

remain vigilant in the postoperative monitoring of free

flaps in order to recognize vascular compromise early

to achieve salvage. Any flap loss negatively impacts

both the patient and the surgeon.

Reconstruction of the head and neck region utiliz-

ing free tissue transfer most commonly suffers from

venous thrombosis rather than arterial thrombosis at

a ratio of 3:1 due to low-flow and low-pressure

(Bui et al. 2007; Bianchi et al. 2009). Free flaps with

a visible and accessible skin paddle are regularly

inspected for color, refill, and turgor by both nursing

and the surgeons. An external suture is also usually

placed into the skin that overlies the anastomosed

vessels for nursing to regularly check the Doppler

signal. The surgeon also performs needle pin prick

of the accessible skin paddle. If the reconstruction has

no accessible skin paddle, i.e., when placing a free

flap patch in reconstruction of a neopharynx, the sur-

geon may choose to place an implantable Doppler

device or a flow coupler device. This allows monitor-

ing of the blood flow across the microvascular anas-

tomosis. A flap demonstrating venous congestion is

notable for edema, ecchymosis, petechiae and brisk

dark red blood ooze upon pin prick. Arterial insuffi-

ciency, on the other hand, is exhibited by cold pallor

of the skin paddle and poor turgor. There is an absent

Doppler signal and little to no bleeding is elicited

http://dx.doi.org/10.1007/978-3-642-23499-6_100409
http://dx.doi.org/10.1007/978-3-642-23499-6_100618
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from the tissue upon pin prick. The skin paddle

appears pale or mottled.

Microvascular free tissue transfer complications of

the head and neck region related to the vasculature

typically occur within the first 5 days of reconstruction

(Bui et al. 2007; Suh et al. 2004). Consistent with the

most common cause of vascular compromise resulting

from venous obstruction, patients becomemoremobile

during postoperative days 3–5 when increased head

movements may cause kinking or repositioning of the

anastomosed vessels beneath the mandible. The sal-

vage rate for venous thrombosis is also higher than that

for arterial thrombosis (Bui et al. 2007; Bianchi et al.

2009). The ability to detect venous compromise and

rapidly return to the operating room for salvage is

likely greater due to more obvious signs of venous

compromise than if arterial insufficiency is present.

In addition, the pathophysiology behind venous

congestion differs from that of arterial insufficiency.

Arterial insufficiency more rapidly results in the

no-reflow phenomenon of the microcirculation. Ische-

mia results in the release of oxygen free radicals which

is directly toxic to the endothelial layer of the

microvasculature. This incites the release of

proinflammatory mediators and ultimately results in

thrombosis of the microcirculation despite patency of

the anastomosed vessels.

There should remain a low threshold for surgical

reexploration when vascular thrombosis is suspected.

Explore the neck to examine the vascular pedicle

for kinks, external compression, hematoma, and vaso-

spasm. Perform a second venous anastomosis if possible

to create additional flap drainage. If an early thrombus is

appreciated, heparinize and perform a thrombectomy

using vessel dilators or Fogarty catheters. When an

organized thrombus is present, heparinize the patient

and perform thrombectomy. In the event of an

established, late thrombosis thrombolytics infused

throughout the flap vasculature are useful to remove

clot within the microvasculature. The involved segment

of vessel with thrombus may necessitate excision and

reanastomosis in the setting of late thrombosis. Revision

of an anastomosis may also require a vein graft.

Thrombectomy with or without thrombolysis result in

flap salvage approximately 60–70% of the time (Bui

et al. 2007; Suh et al. 2004). If the flap is not salvageable

and the patient remains medically stable a second free

flap is considered. When the patient is unstable, there is

a lack of recipient vessels and an exposed vital structure
exists, a local pedicle flap is used. Delayed reconstruc-

tion is an option for the medically unstable patient with

no local pedicle flap options, who has no recipient

vessels and there are no exposed vital structures

(Bui et al. 2007; Wei and Mardini 2009). Of note, an

antithrombotic agent, or a combination of agents, is

frequently administered by microvascular surgeons

prophylactically. However, there is no established

recommended regimen. We use 7 days of low

dose aspirin and low molecular weight heparin

subcutaneously.

Although vascular compromise causing total or

partial necrosis of the flap is arguably the most devas-

tating complication, wound dehiscence is the most

common. Recipient site local skin necrosis and infec-

tion ultimately leading to wound dehiscence is

frequently encountered in the salvage surgical setting

due to previous radiotherapy. Radiation exposure

induces local tissue hypoxia thereby compromising

the local wound healing process. Conservative man-

agement with local wet to dry packing encourages

granulation tissue formation and healing of the

wound. When major wound dehiscence and local

necrosis results, a new free tissue transfer or regional

flap becomes necessary.

Likewise, an orocutaneous or pharyngocutaneous

fistula, or simply an infection in the vicinity of the

vascular supply of the flap, predisposes the flap to

thrombosis. Systemic and local inflammatory media-

tors activate the complement cascade and ultimately

the arachidonic acid pathway leading to platelet acti-

vation and potential thrombus organization. Early

reexploration of the wound permits assessment of the

wound and vessel situation. Creation of a controlled

fistula as well as placement of a dermal graft or

regional flap for protection of the carotid sheath are

considered at the time of operative evaluation of the

wound.

Complications at the donor site may also occur.

The radial forearm flap should not result in vascular

compromise of the hand as the surgeon is mandated to

preoperatively assess adequate ulnar circulation to the

thumb and index finger via an Allen’s test. If this test is

equivocal in the clinic then the patient should undergo

Doppler assessment of the deep palmar arch integrity

with Allen’s test. Prior to ligation of the radial artery

intraoperatively, the Allen’s test is performed once

more by clamping the radial artery distally after

elevating the skin paddle then releasing the tourniquet
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and assessing the capillary refill within the thenar

eminence, thumb, and index finger distribution. Less

than 100% skin graft adherence to the recipient site can

lead to exposure of the flexor tendons and is managed

conservatively with local wound care. When an

osteocutaneous radial forearm flap is utilized there is

a risk for radius fracture. This is avoided by scalloping

the bone during the harvest and by plating the

remaining segments of radius for stability. Complica-

tions related to the fibula free flap include ischemia of

the lower extremity, knee or ankle instability, foot or

great toe weakness. Ischemia to the leg is prevented by

preoperative assessment of adequate 3-vessel run-off,

i.e., peroneal, anterior tibial, and posterior tibial arte-

rial supply, into the distal lower extremity. Assessment

by physical exam and color flow Doppler, CT angio-

gram or MR angiogram is sufficient. The surgeon

should leave 6 cm of fibula both proximally and

distally to ensure stability of the knee and ankle joint

which also protects the common peroneal nerve from

injury proximally.When harvesting a rectus abdominis

myocutaneous flap, the surgeon must restore the integ-

rity of the rectus sheath. The anterior rectus sheath is

harvested to some degree when including the skin as

a component of the flap. Direct closure of the

remaining anterior rectus sheath with nonabsorbable

suture, or placement of mesh is necessary when

reapproximation of the sheath remnants is not feasible

in order to prevent abdominal herniation.

The success rate of microvascular free tissue trans-

fer to reconstruct major head and neck defects is

largely successful. Vascular complications are avoided

by paying strict attention to detail, by meticulously

handling vessels, and by carefully planning the vessel

arrangement in the neck wound. Flap salvage is usually

possible to some degree when vascular compromise is

recognized early and the patient is promptly returned

to the operating room. Finally, a microvascular

surgeon always should have a back-up plan.
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Synonyms

Auriculotemporal syndrome; Baillarger’s syndrome;

Dupuy’s syndrome; Frey-Baillarger syndrome; Gusta-

tory hyperhidrosis; Gustatory sweating

Definition

Frey’s syndrome involves the experience of facial

flushing and sweating during mastication or activities

that increase salivary flow (hence the name gustatory

sweating). These symptoms are most commonly noted

following parotidectomy, but may follow other surgi-

cal procedures, traumatic injuries or inflammatory

processes of the parotid gland, submandibular gland,

upper thoracic or cervical sympathetic trunk (Calzada

and Hanna 2010). Symptoms may range in severity

from patient to patient, from the barely perceptible to

persistently bothersome.

Etiology

Although widely referred to by the common name of

Frey’s syndrome, the first case was originally reported

http://dx.doi.org/10.1007/978-3-642-23499-6_100093
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by Baillarger in 1853 (Sok and Rosen 2008). In 1897

the first case of bilateral Frey’s syndrome was reported

byWeber and it was not until 1923 that the neurologist

Lucie Frey described the classical symptoms of facial

sweating and flushing with meals in a 25-year-old

soldier who suffered a gunshot wound to the parotid

region (Sok and Rosen 2008). The neurologist to

whom the syndrome is commonly attributed might

have not been the first to describe the syndrome;

however she should be given credit for correctly

identifying the autonomic innervation of both the

parotid gland and overlying facial skin which lead to

the implication of the auriculotemporal nerve in its

pathogenesis (Sok and Rosen 2008).

The underlying cause of the symptomatology is pur-

ported to be due to aberrant regeneration of severed

postganglionic parasympathetic secretomotor neurons

of the parotid salivary gland innervating or reconnecting

with severed postganglionic sympathetic fibers of sweat

glands in the facial skin overlying the parotid bed. Since

both nerve fibers utilize the neurotransmitter acetylcho-

line, this stimulates facial sweating and flushing during

mastication. Most commonly this syndrome is found

following parotid surgery, but has also been reported

several weeks or months after varied injuries to the

parotid gland including blunt and penetrating trauma,

infectious and inflammatory diseases, as well as condy-

lar fractures (Sok and Rosen 2008).
Clinical Presentation

This condition usually presents several weeks to

months following surgery of the parotid gland, but

can present many years later. The patient complains

of unilateral (on the same side of surgical dissection)

facial sweating and flushing and occasional warmth

which is brought on by mastication. This is occasion-

ally associated with generalized discomfort over the

same area. Often this is noticed after sweat marks

appear on the ipsilateral collar during a meal. The

signs and symptoms are present overlying the parotid

bed and upper part of the neck, where skin flaps are

elevated for surgical excision. Symptoms can also

involve the post-auricular area and external auditory

canal, which can be confused with cerebrospinal fluid

if concomitant mastoid surgery was performed.

On physical examination one can notice flushing

and sweating, particularly if the patient is given
a sialagogue. There is occasional warmth but the area

is without discrete tenderness to palpation. Minor’s

starch/iodine test will be positive and can be used to

both confirm the diagnosis and map the involved area

if targeted treatment (i.e., Botox injection) is being

considered. Even though presentation may be rapid

or delayed, once gustatory sweating and flushing are

present this signifies aberrant cross reinnervation

has occurred, and therefore symptoms will remain

persistent if no treatment is provided.
Diagnosis

The diagnosis of Frey’s syndrome can be made by

patients’ history, however, should treatment be con-

sidered, objective tests including mapping of the area,

should be pursued. The initial objective test is the

Minor’s starch iodine test. To perform this test the

ipsilateral side of the face and neck are first cleaned

thoroughly with an alcohol solution and allowed to

dry. Next the suspected involved area is painted with

a 2% iodine solution, traditionally a mixture of 2 g of

iodine in 10 mL of almond or castor oil and 90 mL

of alcohol. Alternatively povidone-iodine with alcohol

(Betadine) swabs can be used. This solution is allowed

to completely dry. Following this starch powder

(typically potato or rice starch) is then applied evenly

to the painted area. A sialagogue (typically a lemon

wedge or lemon candy) is given and chewed for several

minutes to stimulate salivary flow. Dark blue or purple

spots will form along the area of gustatory sweating,

and is a result of a reaction of the sweat dissolving the

starch with iodine. Interestingly if this test is used to

evaluate every patient following parotidectomy, up to

95% will show signs of positive reaction, indicative of

subclinical disease in patients which are asymptomatic

(Calzada and Hanna 2010). If treatment is being con-

sidered, the area can then be marked with a surgical

pen and photographed with surgical ruler for reference.
Differential Diagnosis

The differential diagnosis includes primary hyperhi-

drosis, which typically would present with more gen-

eralized sweating, and not associated with surgical or

other injury to the parotid region. Hyperhidrosis most

commonly involves the back or arms but can involve



Frey’s Syndrome, Table 1 Hyperhidrosis disease severity

scale

Question: How would you rate the severity of your

hyperhidrosis? Score

My sweating is never noticeable and never interferes

with my daily activities

1

My sweating is tolerable but sometimes interferes

with my daily activities

2

My sweating is barely tolerable and frequently

interferes with my daily activities

3
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focal body regions such as the face. Gustatory sweat-

ing can often be confused for a food allergy or adverse

reaction which can lead to unnecessary food restric-

tions or diet modifications. Further salivary fistulas or

infections could give erythema and drainage over

the parotid area, particularly from the post-auricular

incision site, but the patient would also likely have

associated fever, warmth, tenderness, and a malodor

to the drainage not characteristic of sweat.
My sweating is intolerable and always interferes

with my daily activities

4

F
Prophylaxis

Many surgical techniques have been proposed to

reduce the incidence of Frey’s syndrome following

parotidectomy. These methods mainly rely on placing

a barrier (either biologic or artificial) between the

regenerating free nerve endings and the aberrant

targeted sweat glands. The main techniques include

transposition of sternocleidomastoid (SCM) muscle

flaps, superficial musculoaponeurotic system (SMAS)

flap interposition, temporoparietal flap transposition,

acellular dermal barrier, partial superficial

parotidectomy, and maintenance of a thick skin flap.

There is much controversy regarding these techniques

and the proposed benefits. The most often studied has

been the SCM muscle flap technique. A recent meta-

analysis performed of studies on the use of the SCM

flap concluded that there is of date inconclusive evi-

dence to recommend the use of the SCMflap to prevent

the incidence of Frey’s syndrome following

parotidectomy (Sanabria et al. 2011). A meta-analysis

of varied surgical techniques to reduce the incidence of

post-parotidectomy Frey’s syndrome favored utiliza-

tion of an operative technique but did not assess

individual techniques (Curry et al. 2009). Most authors

agree that maintenance of a thick skin flap and

performing a limited superficial parotidectomy seem

to be the most consistent operative techniques to

minimize the risk of developing symptomatic disease

(de Bree et al. 2007).
Therapy

Once the diagnosis is confirmed and the patient

is symptomatic, management consists of initial appli-

cation of topical anticholinergic products, such as

scopolamine and glycopyrrolate, and nonscented
deodorants. For most mild cases this medical therapy

will result in symptomatic improvement to the

point where no further intervention is warranted. In

refractory cases it is recommended that the patient be

evaluated with a qualitative hyperhidrosis severity

questionnaire (Sok and Rosen 2008). Although many

validated questionnaires exist, the most current and

simplest is the Hyperhidrosis Disease Severity Scale

(HDSS), Table 1. This is a single-question, 4-point

scale for assessing the severity of hyperhidrosis.

Patients rate their tolerability of hyperhidrosis symp-

toms based on the extent to which it interferes with

their daily activities. A score greater than 2 has been

used as a criteria for consideration of Botox injections.

The goal being reduction of symptom scores below 2

(Sok and Rosen 2008).

Once conservative therapy has failed, botulinum

toxin (Botox) injections as previously mentioned

are delivered into the superficial dermis to

chemodenervate purported aberrant nerve connec-

tions. The diffusion radius is approximately 5 mm

and intradermal injections should be spaced to allow

overlap of these diffusion zones across the involved

skin. The techniques starts with performing a Minor’s

starch iodine test as described above. The affected skin

area is marked with a surgical pen and divided into

5 mm boxes in the form of a grid over the involved

area. Lyophilized botulinum toxin type A (Botox, 100

units per vial) is then reconstituted with 1 mL of sterile,

preservative-free saline to a final concentration of

10 U/0.1 mL. This solution is then drawn into a 1 ml

tuberculin syringe with a 30 gauge needle (utilized for

patient comfort). Intradermal injections are performed

within five to ten units of Botox injected in the center

of each 5-mm2 grid. The injection must be performed

slowly to confirm a visible wheal, which is indicative
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of a proper plane of injection. Injection into this plane

not only improves efficacy but also decreases the like-

lihood of unwanted facial weakness. Gentle pressure is

then applied for evening of toxin distribution and

hemostasis. Following the injections, the markings

may be removed and the patient observed briefly for

any complications. If weakness of the facial muscles is

noted from a deep injection or too large of a quantity,

the patient is informed that the weakness should be

temporary and will resolve after a few weeks (Sok and

Rosen 2008).

If both medical and injection therapies fail, surgical

interventions should be considered. Previously

tympanic neurectomy has been performed to interrupt

the presynaptic neurons responsible for the cross

reinnervation. Although successful in a majority of

cases, this procedure has been widely abandoned due

to its invasive nature and low efficacy. In advanced

cases today, surgical management revolves around

re-elevation of a skin flaps and interposition of

vascularized tissue, free tissue graft, or acellular

dermis between the parotid bed and skin flap. However

the risk of complications including injury from

re-elevation of the flap from a previously dissected

facial nerve should be considered (Johnson 2008).

Given these factors as well as their ease and repeat-

ability, Botox injections have become the standard first

line treatment in cases refractory to medical

management.
Prognosis

Once aberrant cross reinnervation has occurred it is

permanent, however with treatment a majority of

patients achieve symptomatic relief. Botox injections

have been reported to have 80–100% efficacy among

patients treated for the first time (de Bree et al. 2007).

Recurrence of symptoms is common but repeated

treatments can be performed with ease and minimal

morbidity without increasing complications.
Epidemiology

The incidence of Frey’s syndrome following

parotidectomy varies across reports. This is likely

due to the inconsistency with which the diagnosis

is sought postoperatively. When unsolicited,
approximately 10% of patients will admit to gustatory

sweating, however if specifically asked the number

rises to approximately 30–40%. If a Minor’s starch

iodine test is performed on all patients following

parotidectomy, up to 95% will show signs of

a positive test (de Bree et al. 2007).

Another hindrance to determining the true inci-

dence of Frey’s syndrome following parotidectomy is

the varied time of presentation. Regeneration of the

postganglionic parasympathetic nerve fibers to the skin

is not instantaneous and this latent period is reported to

take from 2 weeks to >8 years. Approximately 50%

will present within 12 months, which rises to 83%

within 24 months (de Bree et al. 2007). Further it has

been observed that the facial skin area involved with

gustatory sweating tends to gradually enlarge during

follow-up. This progressive nature lends support to the

varied lengths of time required by regenerating nerve

fibers to reach sweat glands which are of varied

distance from the proximal nerve endings.
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