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Ke y Points
1 The restricted spaces in the airway require an understanding
and cooperative relationship between surgeon and anesthesiologist, and the use of specially adapted equipment suitable to
these cramped areas.
2 Despite only mild-to-moderate tonsillar enlargement on
physical examination, children with obstructive sleep apnea
have upper airway obstruction while awake and apnea during
sleep. The clinician should not underestimate the severity of
the problem based on tonsillar size alone.
3 Post-tonsillectomy hemorrhage may result in unappreciated large
volumes of swallowed blood originating from the tonsillar fossa.
These patients must be considered to have a full stomach, and
anesthetic precautions addressing this situation must be taken.
4 The middle ear and sinuses are air-illed, nondistensible
cavities. During procedures in which the eardrum is replaced
or perforation is patched, nitrous oxide should be discontinued
or, if this is not possible, limited to a maximum of 50% during
the application of the tympanic membrane graft to avoid
pressure-related displacement.

5 Systemic absorption of vasoconstrictive agents during FESS
surgical procedures may cause hypertension, bradycardia,
tachycardia, and arrhythmias. Preoperative evaluation should
include a thorough investigation of the patient’s cardiovascular
status. Rapid response by the anesthesiologist to these effects is
necessary in preventing complications.
6 Prior radiation therapy may lead to ibrosis and ankylosis in the
temporomandibular joint, rendering orotracheal intubation
dificult.
7 Prior to extubation after temporomandibular arthroscopy, the
oral cavity and neck must be examined carefully to rule out
the presence of extracapsular extravasation of irrigation luid.
Extravasation can lead to airway closure.
8 After extensive facial trauma or resection of tumors of the upper
airway, it is prudent to keep the patient’s trachea intubated
until edema has subsided. Extraoral facial edema should lead
the physician to suspect intraoral edema and possible airway
compromise.

Mult imedia
1 Airway Abscess

4 Epiglottis

2 Facial Nerve

5 Laser ENT

3 Jet Ventilation

6 Tracheostomy
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Air lows through the upper respiratory passages, into the trachea, bronchi, bronchioles, and into alveoli in the healthy human.
Air low occurs seemingly without either thought or effort, and
the actual work of respiration in the unobstructed airway is minimal. However, airway obstruction due to malformation, tumor,
infection, or trauma may signiicantly alter the clinical presentation and make gas exchange a laborious, energy-consuming
process. The increased work of breathing can leave the patient
exhausted, incapable of maintaining adequate gas exchange, and
inally succumbing to ventilatory failure. Signiicant obstruction
and anatomic distortion may be present in a patient with minimal evidence of disease because clinically evident upper airway
obstruction is a late sign. It is a most unwelcome experience for
the anesthesiologist to unexpectedly discover an obstructed upper
airway at the time of attempted tracheal intubation.
In the presence of tumor, other mass lesions, or infection in
the airway, it may be useful to obtain radiologic evaluation of the
airway with plain ilms of the tracheal and laryngeal air columns
or computed tomography and MRI studies of the airway. Signiicant anatomic distortion is usually evident and may help the
anesthesiologist determine the most appropriate technique for
securing the airway.

anEsthEsia for PEdiatric Ear,
nosE, and throat surgEry
1 The safe management of the pediatric patient undergoing surgery of the ear, nose, and throat is particularly challenging to the
anesthesiologist. The restricted spaces in the airway of the child
require an understanding and cooperative relationship between
surgeon and anesthesiologist, and the use of specially adapted
equipment suitable to these cramped areas.

tonsillectomy and adenoidectomy
Untreated adenoidal hyperplasia may lead to nasopharyngeal
obstruction, causing failure to thrive, speech disorders, obligate
mouth breathing, sleep disturbances, orofacial abnormalities
with a narrowing of the upper airway, and dental abnormalities.
Surgical removal of the adenoids is usually accompanied by tonsillectomy; however, purulent adenoiditis, despite adequate medical therapy, and recurrent otitis media with effusion secondary to
adenoidal hyperplasia are improved with adenoidectomy alone.
Tonsillectomy is one of the more commonly performed pediatric surgical procedures.1 Chronic or recurrent acute tonsillitis,
peritonsillar abscess, tonsillar hyperplasia, and obstructive sleep
apnea syndrome are the major indications for surgery.2–4 In addition, patients with cardiac valvular disease are at risk for endocarditis from recurrent streptococcal bacteremia secondary to
infected tonsils. Tonsillar hyperplasia may lead to chronic airway
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obstruction resulting in sleep apnea, carbon dioxide (CO2) retention, cor pulmonale, failure to thrive, swallowing disorders, and
speech abnormalities. These risks are eliminated with removal of
the tonsils.
Obstruction of the oropharyngeal airway by hypertrophied
tonsils leading to apnea during sleep is an important clinical
entity referred to as obstructive sleep apnea syndrome. Despite
only mild-to-moderate tonsillar enlargement on physical examination, these patients have upper airway obstruction while awake
and apnea during sleep. The goals of treatment are to relieve airway obstruction and increase the cross-sectional area of the pharynx, which is successful in two-thirds of pediatric cases.5 Some
patients require the use of nasal continuous positive airway pressure during sleep, whereas others may require a tracheostomy to
bypass the chronic upper airway obstruction that is present. The
two most frequent levels of obstruction during sleep are at the
soft palate and the base of the tongue.6 Most children have tremendous improvement in their symptoms after tonsillectomy.
In children with long-standing hypoxemia and hypercarbia,
increased airway resistance can lead to cor pulmonale (Fig. 47-1).
Patients have electrocardiographic evidence of right ventricular
hypertrophy, with one-third of them having chest radiographs
consistent with cardiomegaly. Each apneic episode causes progressively increasing pulmonary artery pressure with signiicant
systemic and pulmonary artery hypertension, leading to ventricular dysfunction and cardiac dysrhythmias.7 These patients
often have dysfunction in the medulla or hypothalamic areas
of the central nervous system causing persistently elevated CO2,
despite relief of airway obstruction. This group of patients has a
hyperreactive pulmonary vascular bed, and the increased pulmonary vascular resistance and myocardial depression in response
to hypoxia, hypercarbia, and acidosis are far greater than what is
expected for that degree of physiologic alteration in the normal
population. Cardiac enlargement is frequently reversible with
digitalization and surgical removal of the tonsils and adenoids.

Preoperative evaluation
A thorough history is the basis for the preoperative evaluation.
Because patients requiring tonsillectomy and adenoidectomy
have frequent infections, the parent should be questioned for
current use of antibiotics, antihistamines, or other medicines. A
history of sleep apnea should be sought. The physical examination should begin with observation of the patient. The presence of
audible respirations, mouth breathing, nasal quality of the speech,
and chest retractions should be noted. Mouth breathing may be
the result of chronic nasopharyngeal obstruction. An elongated
face, retrognathic mandible, and a high-arched palate may be
present.8 The oropharynx should be inspected for evaluation of
tonsillar size to determine the ease of mask ventilation and tracheal intubation (Fig. 47-2). The presence of wheezing or rales on
auscultation of the chest may be a lower respiratory manifestation
of pharyngitis or tonsillitis. The presence of inspiratory stridor
or prolonged expiration may indicate partial airway obstruction
from hypertrophied tonsils or adenoids.
Measurement of hematocrit and coagulation parameters
is suggested. Many nonprescription cold medications and
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figurE 47-1. Events leading to cor pulmonale.
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figurE 47-2. Classification of tonsil size, including
percentage of oropharyngeal area occupied by hypertrophied tonsils.
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at usual awakening time. Type 1 OSAS is characterized by lymphoid hyperplasia without obesity whereas type 2 OSAS patients
are obese with minimal lymphoid hyperplasia. Approximately
10% of OSAS is present in preschool and school-aged children
and is thought to decline after 9 years of age.
Obesity changes craniofacial anthropometric characteristics.
Therefore, a body mass index of 95% for age or greater is a predisposing physical characteristic that increases the risk of developing OSAS.14 Children with craniofacial abnormalities including a
small
maxilla and mandible, a large tongue for a given mandibular
2
size, and a thick neck have a similar increased risk. Many of these
sleep disordered Breathing and
children have syndromes which are associated with additional
obstructive sleep apnea
comorbidities. Anatomic nasal obstruction and Class 4 touching tonsils reduce oropharyngeal cross-sectional area which conSleep disordered breathing (SDB) is a spectrum of disorders rangstitutes an additional risk. Pharyngeal size is determined by the
ing from primary snoring to obstructive sleep apnea syndrome
soft-tissue volume inside the bony enclosure of the mandible; an
(OSAS). SDB affects 10% of the population but only 1% to 4%
anatomic imbalance between the upper airway soft-tissue volume
will progress to OSAS. OSAS is characterized by periodic, parand craniofacial size will result in obstruction. The magnitude of
tial, or complete obstruction of the upper airway during sleep.9–11
pharyngeal muscle contraction is controlled by neural mechaProper screening and diagnosis of obstructive sleep apnea prior
nisms and the interaction between the anatomical balance and
to surgery for both children and adults is essential in reducing
neural mechanisms determines pharyngeal airway size. Increased
the associated risks. The STOP questionnaire has been develneural mechanisms can compensate the anatomical imbalance in
oped as a tool to screen adult patients for obstructive sleep apnea
obstructive sleep apnea patients during wakefulness. When these
and includes information on Snoring, daytime somnolence and
neural mechanisms are suppressed during sleep or anesthesia,
Tiredness, Observation of apnea during sleep and elevations in
pharyngeal dilator muscles do not contract maximally and thereblood Pressure. Predicting risk in children, however, is far more
fore the pharyngeal airway severely narrows because of the anacomplicated.12,13
tomical imbalance. Increasing bony enclosure size will provide
Repetitive arousal from sleep to restore airway patency is a
relief of airway obstruction. This is only accomplished surgically
common feature as are episodic sleep-associated oxygen desatuby mandibular advancement. Increasing the distance between the
ration, hypercarbia, and cardiac dysfunction as a result of airway
mentum and the cervical column by positioning will transiently
obstruction. Individuals who experience obstruction during sleep
relieve the obstruction as long as the snifing position is mainmay have snoring loud enough to be heard through closed doors
tained. Similarly, the sitting position displaces excessive soft tisor observed pauses in breathing during sleep. They may awaken
sue outside the bony enclosure through the submandibular space.
from sleep with a choking sensation. Parents report restless sleep
The long-term effects of OSAS are not limited to the airway.
in affected children and frequent somnolence or fatigue while
These children have other systemic comorbidities. Increased
awake despite adequate sleep hours. These children fall asleep
body mass index and obesity may lead to increased cognitive
easily in nonstimulating environments and are dificult to arouse
antihistamines contain aspirin, which may affect platelet function, and this potential anticoagulation should be taken into consideration. Chest radiographs and electrocardiograms (ECGs) are
not required unless speciic abnormalities are elicited during the
history, such as recent pneumonia, bronchitis, upper respiratory
infection (URI), or history consistent with cor pulmonale, which
is seen in children with obstructive sleep apnea syndrome. In
those children with a history of cardiac abnormalities, an echocardiogram may be indicated.

vulnerability as illustrated by the increased frequency of hyperactivity and increased levels of C-reactive protein. The duration of OSA has no relation to reversibility of neurobehavioral
impairment since many believe that episodic hypoxia alters the
neurochemical substrate of the prefrontal cortex causing neuronal cell loss. Metabolic syndrome consists of insulin resistance,
dyslipidemia, and hypertension. It is felt that OSAS is a risk factor
for metabolic syndrome in obese children but not in nonobese
patients. Cardiovascular and hemodynamic comorbidities are
more common in OSAS patients. These consist of altered regulation of blood pressure as well as alterations in sympathetic activity
and reactivity. Also present are endothelial dysfunction and initiation and propagation of inlammatory response facilitated by
increases in levels of C-reactive protein. Systemic inlammation
using interleukins as a marker is a component of OSAS in both
obese and nonobese children and is reversed after tonsillectomy.
Systemic hypertension, changes in left ventricular geometry, and
intermittent hypoxia leading to pulmonary artery hypertension
are well-described comorbidities present in patients with OSAS.
The mainstay of the management is surgical removal of tonsils and adenoids which carries an 85% success rate in resolving
OSAS. Recurrence may occur in children with craniofacial abnormalities and in others. If surgical intervention does not resolve
the problem, nocturnal CPAP is the next treatment modality.
However, many of these children may present for imaging studies
or require sedation prior to removal of the tonsils or adenoids.

anesthetic management
The goals of the anesthetic management for tonsillectomy and
adenoidectomy are to render the child unconscious in the most
atraumatic manner possible, to provide the surgeon with optimal
operating conditions, to establish intravenous access to provide
a route for volume expansion and medications when necessary,
and to provide rapid emergence so that the patient is awake and
able to protect the recently instrumented airway. Premedication
may be used as determined by the anesthesiologist during the
preanesthetic visit. Sedative premedication should be avoided in
children with obstructive sleep apnea, intermittent obstruction,
or very large tonsils. Administration of opiates to patients with
obstructive sleep apnea is associated with an increased risk of oxygen desaturation secondary to chronic hypoxemia and alterations
in respiratory control.15 Use of an antisialagogue will minimize
secretions in the operative ield.
Anesthesia is commonly induced with a volatile anesthetic
agent, oxygen, and nitrous oxide (N2O) by mask. Parental presence in the operating room (OR) during mask induction may
be helpful in the anxious unpremedicated child. Tracheal intubation is best accomplished under deep inhalation anesthesia or
aided by a short-acting nondepolarizing muscle relaxant. Many
clinicians may choose to eliminate the neuromuscular blocking
agent in favor of enhancing the depth of anesthesia with the use
of propofol. The addition of 0.5 to 1 mg/kg of dexmedetomidine
infused during the procedure may help to attenuate emergence
delirium in toddlers at the conclusion of the anesthetic.16 Blood
in the pharynx may enter the trachea during the surgical procedure. For this reason, the supraglottic area may be packed with
petroleum gauze, or a cuffed endotracheal tube may be used. If
a cuffed endotracheal tube is selected, careful attention to the
inlation pressure of the cuff is essential if postextubation croup
is to be avoided. Monitoring consists of precordial stethoscope,
ECG, automated blood pressure, pulse oximetry, and end-tidal
capnography.
Emergence from anesthesia should be rapid, and the child
should be alert before transfer to the recovery area. The child
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should be awake and able to clear blood or secretions from the
oropharynx as eficiently as possible before removal of the endotracheal tube. Maintenance of airway and pharyngeal relexes is
essential in the prevention of aspiration, laryngospasm, and airway obstruction. There is no difference in the incidence of airway
complications on emergence between patients who are extubated
awake or deeply anesthetized.17
The use of the laryngeal mask airway (LMA) for adenotonsillectomy was described in 1990; however, it was not until the
widespread availability of a streamlined lexible model that it was
routinely used for this purpose.18,19 There is an emerging trend
to use the lexible LMA for tonsillectomy, which protects the
vocal cords from blood or secretions that may be present in the
oropharynx.20 The wide, rigid tube of the standard LMA model
does not it under the mouth gag and is easily compressed or
dislodged during full mouth opening. The lexible model has a
soft, reinforced shaft that easily its under the mouth gag without
becoming dislodged or compressed. Adequate surgical access can
be achieved, and the lower airway is protected from exposure to
blood during the procedure.21,22 Since the cuff is larger and occupies a greater percentage of the posterior hypopharynx, there is a
greater risk of airway ire if the electrocautery touches the LMA.
Insertion is possible after either the intravenous administration
of 3 mg/kg of propofol or when suficient depth of anesthesia is
achieved using a volatile agent administered by face mask. The
same depth of anesthesia should be obtained during insertion of
the LMA as would be required for performing laryngoscopy and
endotracheal intubation. Positive-pressure ventilation should be
avoided when the LMA is used during tonsillectomy, although
gentle assisted ventilation is both safe and effective if peak inspiratory pressure is kept below 20 cm H2O.
Tonsillar enlargement can make LMA insertion dificult; care
in placement is essential.23 Maneuvers to overcome this dificulty
include increased head extension, lateral insertion of the mask,
anterior displacement of the tongue, pressure on the tip of the
LMA using the index inger as it negotiates the pharyngeal curve,
or use of the laryngoscope if all else fails. Dislodgment of the
device does not occur during extreme head extension, assuming
good position and ventilation were obtained before changes in
head position.24
Advantages of the LMA over traditional endotracheal intubation are a decrease in the incidence of postoperative stridor and
laryngospasm and an increase in immediate postoperative oxygen saturation. If the child is breathing spontaneously at a regular rate and depth, the LMA may be removed before emergence
from anesthesia. The oropharynx should be gently suctioned with
a soft, lexible catheter, the LMA delated and removed, an oral
airway inserted, and the respirations assisted with 100% oxygen
delivered by face mask. It is often distressing for young children
to awaken with the LMA still in place. Although the device is an
appropriate substitute for an oral airway in the adult population, this is not so in children. If the practitioner wants to remove
the LMA when the child has emerged from anesthesia, it should
be delated and removed as soon as possible after the return to
consciousness. In addition, because it is not possible to pass a
nasogastric tube beyond the LMA cuff even when delated, the
stomach cannot be emptied at the conclusion of surgery.

Complications
The incidence of emesis after tonsillectomy ranges from 30% to
65%.25 Whether emesis is due to irritant blood in the stomach
or stimulation of the gag relex by inlammation and edema at
the surgical site remains unclear. Central nervous system stimulation from the gastrointestinal tract, as may be seen with gastric
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distention from the introduction of swallowed or insuflated air,
may trigger the emetic center. Decompressing the stomach with
an orogastric tube may be helpful in preventing this response.
Treatment with ondansetron, 0.10 to 0.15 mg/kg, either with or
without dexamethasone, 0.5 mg/kg, has been shown to be very
effective in reducing post-tonsillectomy nausea and vomiting.26–28
Postoperative administration of meperidine increases the probability of emesis, and alternative analgesic agents should be administered. Dehydration secondary to poor oral intake as a result of
nausea, vomiting, or pain can occur after tonsillectomy in 1% of
cases. Vigorous intravenous hydration during surgery can offset
the physiologic effects of lower postoperative luid intake.
The most serious complication of tonsillectomy is postopera3
tive hemorrhage, which occurs at a frequency of 0.1% to 8.1%.
The recent utilization of coblation tonsillectomy may result in an
incidence of post-tonsillectomy hemorrhage up to 11.1%.4,29,30
Approximately 75% of postoperative tonsillar hemorrhage occurs
within 6 hours of surgery. Most of the remaining 25% occurs
within the irst 24 hours of surgery, although bleeding may be
noted until the sixth postoperative day.31,32 Sixty-seven percent
of postoperative bleeding originates from the tonsillar fossa, 26%
in the nasopharynx, and 7% in both. Initial attempts to control
bleeding may be made using pharyngeal packs and cautery. If this
fails, patients must return to the OR for exploration and surgical
hemostasis.
Unappreciated large volumes of blood originating from the
tonsillar bed may be swallowed. These patients must be considered to have a full stomach, and anesthetic precautions addressing this situation must be taken. A rapid-sequence induction
accompanied by cricoid pressure and a styletted endotracheal
tube is controversial but may be of beneit in some circumstances. Because the amount of blood swallowed can be considerable, blood pressure must be checked in both the erect and supine
positions to exclude orthostatic changes resulting from decreases
in vascular volume. Intravenous access and hydration must be
established before the induction of anesthesia. A variety of laryngoscope blades and endotracheal tubes, as well as functioning
suction apparatus, should be prepared in duplicate because blood
in the airway may impair visualization of the vocal cords and
cause plugging of the endotracheal tube.
Pain after adenoidectomy is usually minimal, but pain after
tonsillectomy is severe. This contributes to poor luid intake and
overall discomfort of patients. An increase in postoperative pain
medication requirements has been noted in patients having laser
or electrocautery as part of the operative tonsillectomy compared
with those who have had sharp surgical dissection and ligation of
blood vessels to achieve hemostasis.7,33 Intraoperative administration of corticosteroids may decrease edema formation and subsequent patient discomfort. Although iniltration of the peritonsillar space with local anesthetic and epinephrine has been shown
to be effective in reducing intraoperative blood loss, it does not
decrease postoperative pain.
Peritonsillar abscess, or quinsy tonsil, is a condition that
may require immediate surgical intervention to relieve potential
or existing airway obstruction. An acutely infected tonsil may
undergo abscess formation, producing a large mass in the lateral pharynx that can interfere with swallowing and breathing
(Figs. 47-3–47-5). Fever, pain, and trismus are frequent symptoms. Treatment consists of surgical drainage of the abscess, either
with or without tonsillectomy, and intravenous antibiotic therapy.
Although the airway seems compromised, the peritonsillar abscess
is usually in a ixed location in the lateral pharynx and does not
interfere with ventilation of the patient by face mask after induction of general anesthesia. Visualization of the vocal cords should
not be impaired because the pathologic process is supraglottic and

Uvula
Peritonsillar
abscess

figurE 47-3. Patient with a peritonsillar abscess on the left side.
Note the displacement of the uvula. (Courtesy of Michael Cunningham, MD, Boston, MA.)

Peritonsillar
abscess

figurE 47-4. Neck radiograph of a patient with a peritonsillar abscess (arrow).

Peritonsillar
abscess

figurE 47-5. Computed tomography scan of a patient with a peritonsillar abscess (arrow).

well above the laryngeal inlet. Laryngoscopy must be carefully
performed, avoiding manipulation of the larynx and surrounding
structures. Intubation should be gentle because the tonsillar area is
1 tense and friable and inadvertent rupture of the abscess can occur,
leading to spillage of purulent material into the trachea.
Acute postoperative pulmonary edema is an infrequent but
potentially life-threatening complication encountered when airway obstruction is suddenly relieved. One proposed mechanism
is that during inspiration before adenotonsillectomy, the negative intrapleural pressure that is generated causes an increase in
venous return, enhancing pulmonary blood volume. In the
healthy child without airway obstruction, pleural pressure ranges
from −2.5 cm to −10 cm H2O during inspiration. Intrapleural
pressure generated in the child with airway obstruction can be
as much as −30 cm H2O, which causes disruption of the capillary
walls of the pulmonary microvasculature when transmitted to
the interstitial peribronchial and perivascular spaces. Concurrent
with a negative transpulmonary gradient is an increase in venous
return to the right side of the heart, thus increasing preload, which
in the setting of “leaky capillaries” facilitates transudation of luid
into the alveolar space. To counterbalance this negative gradient,
positive intrapleural and alveolar pressures are generated during
exhalation, which decreases pulmonary venous return and blood
volume. This phenomenon is similar to an expiratory “grunt”
mechanism in which the transpleural pressures generated are
similar to those present during a Valsalva maneuver.
The rapid relief of airway obstruction results in decreased airway pressure, an increase in venous return, an increase in pulmonary hydrostatic pressure, hyperemia, and inally pulmonary
edema. The all-important counterbalance of the expiratory grunt
in limiting pulmonary venous return is lost when the obstruction
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is relieved. Contributing factors are the increased volume load on
both ventricles as well as the inability of the pulmonary lymphatic
system to remove acutely large amounts of luid. The anesthesiologist may attempt to prevent this situation during induction of
anesthesia by applying moderate amounts of continuous positive
pressure to the airway, thus allowing time for circulatory adaptation to take place. This physiologic sequence is similar to that
seen in patients with severe acute airway obstruction secondary to
epiglottitis or laryngospasm.
Negative-pressure pulmonary edema is signaled by the appearance of frothy pink luid in the endotracheal tube of an intubated
patient or the presence of a decreased oxygen saturation, wheezing, dyspnea, and increased respiratory rate in the immediate
postoperative period in a previously extubated patient. Mild cases
may present with minimal symptoms. The differential diagnosis
of negative-pressure pulmonary edema includes aspiration of
gastric contents, adult respiratory distress syndrome, congestive
heart failure, volume overload, and anaphylaxis. A chest radiograph illustrating diffuse, usually bilateral interstitial pulmonary
iniltrates combined with an appropriate clinical history will conirm the diagnosis.7,34,35
Treatment is usually supportive, with maintenance of a patent airway, oxygen administration, and diuretic therapy in some
cases. Endotracheal intubation and mechanical ventilation with
positive end-expiratory pressure may be necessary in severe cases.
Resolution is usually rapid and may occur within hours of inception. Most cases resolve within 24 hours without treatment. There
is currently no reliable method for predicting which children will
experience this clinical syndrome after their airway obstruction
has been resolved.
Adenoidectomy patients may be safely discharged on the same
day after recovering from anesthesia. Although most tonsillectomy patients previously required postoperative admission to the
hospital for observation, administration of analgesics, and hydration, many centers are discharging tonsillectomy patients on the
day of surgery without adverse outcomes, and this trend will likely
continue.35,36 Patients should be observed for early hemorrhage
for a minimum of 4 to 6 hours and be free from signiicant nausea, vomiting, and pain prior to discharge. The ability to take luid
by mouth is not a requirement for discharge home. However,
intravenous hydration must be adequate to prevent dehydration.
Excessive somnolence and severe vomiting are indications for
hospital admission. There are patients for whom early discharge
is not advised, and those patients should be admitted to the hospital after tonsillectomy. The characteristics of such patients are
listed in Table 47-1. Admission to an ICU is controversial and
reserved for those children with very severe OSA, comorbidities that cannot be managed on the loor, and children who have
demonstrated signiicant airway obstruction and desaturation in
the initial postoperative period that required intervention beyond
repositioning and oxygen supplementation.37

ear surgery
The ear and its associated structures are target organs for many
pathologic conditions. General anesthesia for surgery of the ear
has its own set of unique considerations that must be addressed.

myringotomy and tube insertion
Chronic serous otitis in children can lead to hearing loss. Drainage of accumulated luid in the middle ear is an effective treatment for this condition. Myringotomy, which creates an opening
in the tympanic membrane for luid drainage, may be performed
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tablE 47-1. TONSILLECTOMY AND ADENOIDECTOMY INPATIENT
GUIDELINES: RECOMMENDATION OF THE AMERICAN
ACADEMY OF OTOLARYNGOLOGY—HEAD AND NECK SURGERY
Admit patients to the hospital after adenotonsillectomy if they meet any of the following criteria:
• Age ≤3 yrs
• Severe OSA with an apnea–hypopnea index of 10 or more obstructive events/hour, oxygen
saturation nadir <80% or both
• Abnormal coagulation values with or without an identiied bleeding disorder in the patient or
family
• Systemic disorders that put the patient at increased preoperative cardiopulmonary, metabolic, or
general medical risk
• Child with craniofacial or other airway abnormalities including, but not limited to, syndromic
disorders such as Treacher Collins syndrome, Crouzon syndrome, Goldenhar syndrome, Pierre
Robin anomalad, CHARGE syndrome, achondroplasia, and, most prominently, Down syndrome,
as well as isolated airway abnormalities such as choanal atresia and laryngotracheal stenosis
• When extended travel time, weather conditions, and home social conditions are not consistent
with close observation, cooperation, and ability to return to the hospital quickly at the discretion
of the attending physician
CHARGE, coloboma of the eye, heart defects, atresia of the choanae, retardation of growth and/or development, genital and/or
urinary abnormalities, and ear abnormalities.

alone. During healing, the drainage path may become occluded;
middle ear and mastoid
therefore, ventilation tube placement is usually included. The
Tympanoplasty and mastoidectomy are two of the most common
insertion of a small plastic tube in the tympanic membrane serves
procedures performed on the middle ear and accessory strucas a vent for the ostium and allows for continued drainage of the
tures. To gain access to the surgical site, the head is positioned
middle ear until the tubes are naturally extruded in 6 months to
on a headrest, which may be lower than the operative table, and
1 year, or surgically removed at an appropriate time (Fig. 47-6).
extreme degrees of lateral rotation may be required. Extreme tenMyringotomy and tube insertion is a relatively short prosion on the heads of the sternocleidomastoid muscles must be
cedure, and anesthesia may be effectively accomplished with a
avoided. The laxity of the ligaments of the cervical spine and the
potent inhalation agent, oxygen, and N2O administered by face
immaturity of odontoid process in children make them especially
mask. Premedication is not recommended because most sedaprone to C1 to C2 subluxation.
tive drugs used for premedication will far outlast the duration
2
Ear surgery often involves surgical identiication and preserof the surgical procedure. Patients with chronic otitis frequently
vation of the facial nerve, which requires isolation of the nerve
have accompanying recurrent URI. It is often the eradication of
by the surgeon and veriication of its function by means of elecmiddle ear luid that resolves the concomitant URI. Because tratrical stimulation (Fig. 47-7). This is accomplished by brainstem
cheal intubation is not required for routine patients, the criteria
auditory-evoked potential and electrocochleogram monitoring,
for cancellation of surgery and anesthesia may be different for this
which requires that complete muscle relaxation be avoided.40 If
procedure. Insertion of myringotomy tubes may be undertaken in
an opioid-relaxant technique is chosen, however, at least 30% of
most children with a concomitant URI provided that this can be
the muscle response, as determined by a twitch monitor, should
completed with facemask anesthesia and endotracheal intubation
be preserved. This fact suggests that it is not mandatory to avoid
is avoided. No signiicant difference in perioperative morbidity
skeletal muscle relaxants in the anesthetic management of patients
between asymptomatic patients and those fulilling URI criteria
undergoing surgical procedures when monitoring of facial nerve
has been demonstrated.38,39 It is recommended that patients with
function is necessary.
URI symptoms receive supplemental postoperative oxygen.
Bleeding must be kept to a minimum during surgery of the
small structures of the middle ear. Relative hypotension, keeping the mean arterial pressure 25% below baseline, is effective.
Concentrated epinephrine solution, often 1:1,000, can be injected
in the area of the tympanic vessels to produce vasoconstriction.
Close attention should be paid to the volume of injected epinephrine so that dysrhythmias and wide swings in blood pressure may
be avoided.
4
The middle ear and sinuses are air-illed, nondistensible cavities. An increase in the volume of gas in these structures results
in an increase in pressure. N2O diffuses along a concentration
gradient into the air-illed middle ear spaces more rapidly than
nitrogen moves out. Passive venting occurs at 20 to 30 cm H2O
figurE 47-6. Two types of myringotomy tubes. Both the ventilating
pressure, and it has been shown that the use of N2O results in
T-tube and the beveled-button ventilating tube are shown in full and
pressures that exceed the ability of the eustachian tube to vent
cross-sectional views.
the middle ear within 5 minutes, leading to pressure buildup.41
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Orbicularis oris
muscle

Orbicularis oculi
muscle

tablE 47-2. CAuSES OF STRIDOR
Supraglottic
Airway
Laryngomalacia
Vocal cord
paralysis

Facial nerve

Subglottic stenosis
Hemangiomas
Mastoid tip
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Cysts

Subglottic
Airway

Larynx
Laryngocele
Infection
(tonsillitis,
peritonsillar
abscess)
Foreign body
Choanal atresia

Tracheomalacia
Vascular ring

Foreign body
Infection (croup,
epiglottitis)

Cyst
Mass
Large tonsils
Large adenoids
Craniofacial
abnormalities

During procedures in which the eardrum is replaced or a perforation is patched, N2O should be discontinued or, if this is
not possible, limited to a maximum of 50% during the application of the tympanic membrane graft to avoid pressure-related
displacement.
After N2O is discontinued, it is quickly reabsorbed, creating a
void in the middle ear with resulting negative pressure. This negative pressure may result in serous otitis, disarticulation of the ossicles
in the middle ear (especially the stapes), and hearing impairment,
which may last up to 6 weeks after surgery. The use of N2O is related
to a high incidence of postoperative nausea and vomiting, which is
a direct result of negative middle ear pressure during recovery. The
vestibular system is stimulated by traction placed on the round window by the negative pressure that is created. Although all patients
have the potential for nausea and vomiting after surgery, children
younger than 8 years of age seem to be most affected. If the use of
N2O cannot be avoided, vigorous use of antiemetics is warranted.

airway surgery

as MRI and computed tomography scan may be indicated in isolated instances but are not routinely ordered. Speciic note of the
signs and symptoms listed in Table 47-3 should be made.
Laryngomalacia is the most common cause of stridor in infants.
It is most often due to a long epiglottis that prolapses posteriorly
and prominent arytenoid cartilages with redundant aryepiglottic folds that obstruct the glottic opening during inspiration.42
The deinitive diagnosis is obtained by direct laryngoscopy and
rigid or lexible bronchoscopy. Preliminary examination is usually carried out in the surgeon’s ofice. A small, lexible iberoptic
bronchoscope is inserted through the nares into the oropharynx,
and the movement of the vocal cords is observed. Alternatively,
it may be accomplished in the OR before anesthetic induction in
an awake patient or in a lightly anesthetized patient during spontaneous respiration. Patients must be breathing spontaneously
so that the vocal cords can move freely. After deepening anesthesia and topicalization of the vocal cords is performed using
1% to 2% lidocaine, a rigid bronchoscope is inserted through the
vocal cords and the subglottic area is inspected; the lower trachea and bronchi are evaluated with a rigid or lexible iberoptic
bronchoscope.

stridor
Noisy breathing due to obstructed airlow is known as stridor.
Inspiratory stridor results from upper airway obstruction; expiratory stridor results from lower airway obstruction; and biphasic
stridor is present with midtracheal lesions. The evaluation of a
patient with stridor begins with a thorough history. The age of
onset suggests a cause: Laryngotracheomalacia and vocal cord
paralysis are usually present at or shortly after birth, whereas cysts
or mass lesions develop later in life (Table 47-2). Information
indicating positions that make the stridor better or worse should
be obtained, and placing a patient in a position that allows gravity
to aid in reducing obstruction can be of beneit during anesthetic
induction.
Physical examination reveals the general condition of a patient
and the degree of the airway compromise. Laboratory examination may include assessment of hemoglobin, a chest radiograph,
and barium swallow, which can aid in identifying lesions that may
be compressing the trachea. Other radiologic examinations such

Bronchoscopy
Small infants may be brought into the OR unpremedicated.
Older children and adults may experience respiratory depression

tablE 47-3. CLINICAL COMPONENT OF
THE EVALUATION OF PATIENTS
WITH STRIDOR
Respiratory rate
Heart rate
Wheezing
Cyanosis

Chest retractions
Nasal laring
Level of consciousness
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figurE 47-7. Illustration of facial nerve and monitoring electrodes.
(Courtesy of Steve Ronner, PhD, Boston, MA.)
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and worsening of airway obstruction if heavy premedication is
momediastinum due to rupture of alveolar blebs or a bronchus.46
administered, so only light sedation is suggested. The airway must
Because ventilation may be intermittent and at times suboptimal,
be protected from aspiration of gastric contents during prolonged
oxygen should be used as the carrier gas during bronchoscopic
airway manipulation; therefore, premedication with the full regiexamination. Intravenous drugs that cause excessive respiratory
men of acid aspiration prophylaxis may be indicated.
depression should be avoided. It is wise to ask the surgeon if
The goals of the anesthetic are analgesia, an unconscious
movement of the vocal cords will be required at the conclusion of
patient, and a “quiet” surgical ield.43 Coughing, bucking, or
the procedure or if tracheal or bronchial dynamics will be evaluated during the procedure so that the anesthetic may be planned
straining during instrumentation with the rigid bronchoscope
accordingly (i.e., spontaneous respirations preserved during light
may cause dificulty for the surgeon and result in damage to the
levels of anesthesia vs. no respiratory efforts and the use of shortpatient’s airway. At the conclusion of the procedure, patients
acting muscle relaxants).
should be returned to consciousness quickly, with airway relexes
Maintenance of anesthesia is usually accomplished with a volatile
intact. For most patients, a pulse oximeter, blood pressure cuff,
anesthetic augmented by propofol infusion (100 to 200 mg/kg/min).
ECG, and precordial stethoscope are applied before induction
Intravenous anesthetics combined with muscle relaxation best
of anesthesia. Inhalation induction by mask is accompanied by
maintain a constant level of anesthesia because the delivery of voloxygen and a volatile agent administered in increasing concentraatile anesthetics through the bronchoscope may be interrupted,
tions in children and intravenous drugs in adults. Patients should
and anesthetic depth can vary. At the conclusion of rigid bronbe placed in the position that produces the least adverse effect on
choscopy, an endotracheal tube is usually placed in the trachea
airway symptoms (often the sitting position). An intravenously
to control the airway during recovery of anesthesia. Securing the
administered antisialagogue may help decrease secretions that
airway is particularly important if muscle relaxants have been used
might compromise the view through the bronchoscope.
since passive regurgitation of gastric contents may be more likely
The size of a bronchoscope refers to the internal diameter.
to occur in paralyzed patients. An additional advantage of placing
Because the external diameter may be signiicantly greater than
an endotracheal tube is that if the surgeon should want to examine
in an endotracheal tube of similar size (Table 47-4), care must
the distal airways, a small, lexible iberoptic bronchoscope can be
be taken to select a bronchoscope of proper external diameter to
passed through the endotracheal tube.
avoid damage to the laryngeal structures. A rigid bronchoscope
can be used for ventilation of the lungs during examination of
the airway. It is inserted through the vocal cords, and ventilation
is accomplished through a side port, which can be attached to the
Pediatric airway emergencies
anesthesia circuit. During ventilation with the viewing telescope
Upper airway emergencies may be life-threatening and demand
in place, high resistance may be encountered as a result of parimmediate treatment. Rapid respiratory failure can occur in
tial occlusion of the lumen. High fresh gas low rates, large tidal
patients with croup, epiglottitis, or foreign body aspiration, and
volumes, and high inspired volatile anesthetic concentrations
few clinical situations are more challenging to the anesthesiologist.
are often necessary to compensate for leaks around the ventilating bronchoscope and the high resistance encountered when the
viewing telescope is in place. Manual ventilation at higher-thanepiglottitis
normal rates is most effective in achieving adequate ventilation.
Adequate time for exhalation must be provided for passive recoil 4 Acute epiglottitis is one of the most feared infectious diseases in
of the chest.44
children and adults, and is the result of Haemophilus inluenzae
3
An alternative method of ventilation is the jet ventilation
type B. A conservative estimate of the incidence of epiglottitis
technique, which involves intermittent bursts of oxygen delivered
is 10 to 40 cases per million people in the United States. Since
under pressure through a 16-gauge catheter attached to a rigid
1985, with the widespread vaccination against H. inluenzae type
bronchoscope.45 Intermittent low is accomplished by depressing
B (Hib), which was the most common organism related to epithe lever of an on–off valve. The use of jet ventilation techniques
glottitis, the overall incidence of the disease among children has
is associated with the additional risks of pneumothorax or pneudropped dramatically. It can progress with extreme rapidity from
sore throat to airway obstruction to respiratory failure and ultimately to death if proper diagnosis and intervention are not rapidly implemented. Patients are usually between 2 and 7 years of
age, although epiglottitis has been reported in younger children
tablE 47-4. ComPARISON OF EXTERNAL
and in adults. Epiglottitis in the very young (younger than 1 year)
is unusual and occurs in only about 4% of cases and in adults, it
DIAMETER OF STANDARD
peaks between ages 20 to 40 years. Vaccination against H. inluENDOTRACHEAL TUBES VERSUS
enzae type B polysaccharide is now recommended before 2 years
RIGID BRONCHOSCOPE
of age to provide immunity before the greatest period of vulnerability in pediatric patients.
Characteristic signs and symptoms of acute epiglottitis include
Endotracheal Tube
Rigid Bronchoscope
sudden onset of fever, dysphagia, drooling, thick mufled voice,
Internal
External
External
and preference for the sitting position with the head extended
Diameter (mm)
Diameter (mm)
Diameter (mm)
and leaning forward. Retractions, labored breathing, and cyano2.5
3.5
4.2
sis may be observed in cases in which respiratory obstruction is
3
4.3
5
present. However, in the early stages, the patient may be pale and
toxic without respiratory distress. Supraglottitis may be a more
3.5
4.9
5.7
appropriate designation because it is the tissues of the supra4
5.5
6.7
glottic structures—from the vallecula to the arytenoids—that
5
6.8
7.8
are involved in the infectious process. At no time, especially in
6
8.2
8.2
the emergency department or radiography suite, should direct
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by tachypnea, tachycardia, and cyanosis. Racemic epinephrine
administered by nebulizer is beneicial. The use of steroids has
been surrounded by a great deal of controversy, but current opinion is that a short course of steroids may be beneicial. In rare
circumstances, thick secretions are present in the airway, and the
child requires intubation to allow pulmonary toilet and suctioning to be performed. Management in the ICU and extubation are
carried out in the same fashion as for epiglottitis.

Foreign Body aspiration
A major cause of morbidity and mortality in children and adults
is aspiration of a foreign body. Any history of coughing, choking,
or cyanosis while eating should suggest the possibility of foreign
body aspiration. Peanuts, popcorn, jelly beans, and hot dogs are
some of the ingested items most commonly associated with pulmonary aspiration. Any patient who presents to the emergency
department with refractory wheezing should be suspected of this
diagnosis. Physical indings include decreased breath sounds,
tachypnea, stridor, wheezing, and fever. These signs indicate an
obstructive process with inlammation present in the airway.
Some foreign bodies are identiiable on radiologic examination;
however, 90% are radiolucent, and air trapping, iniltrate, and
atelectasis are all that are noted.
The most common site of foreign body aspiration is the
main stem bronchus, the right being more frequent than the left
(Fig. 47-8). Food particles comprise the majority of aspirated
items; however, beads, pins, and small toys are not unusual. Each
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visualization of the epiglottis be attempted in the unanesthetized
patient. The differential resulting from negative pressure inside
and atmospheric pressure outside the extrathoracic airway results
in slight narrowing during normal inspiration. The pressure differential on inspiration is exaggerated in the patient with airway
obstruction. This dynamic collapse of the airway may become
life-threatening in the struggling, agitated patient, and every
attempt should be made to keep the patient calm. Blood drawing,
intravenous catheter insertion, and excessive manipulation of the
patient, as well as sedation, should be avoided before securing the
airway to avoid the possibility of total obstruction.
If the clinical situation allows, oxygen should be administered
by mask, and lateral radiographs of the soft tissues in the neck
may be obtained. Thickening of the aryepiglottic folds and swelling of the epiglottis may be noted (the “thumbprint” sign). Radiologic examination should be carried out only if skilled personnel
and adequate equipment accompany the patient at all times. The
patient with severe airway compromise should proceed from the
emergency department directly to the operating suite accompanied by both the anesthesiologist and surgeon. Parental presence
in this situation may calm an anxious and frightened child.
In all cases of epiglottitis, an artiicial airway is established by
means of tracheal intubation. In some centers in which personnel experienced in the management of the compromised airway
are not available, tracheostomy is a less-favored alternative. In the
OR, the child is kept in the sitting position while monitors are
placed. A pulse oximeter and precordial stethoscope are essential.
If it is believed to be helpful, one parent may accompany the child
and remain in the OR during the induction of general anesthesia. The OR must be prepared with equipment and personnel for
laryngoscopy, rigid bronchoscopy, and tracheostomy. Anesthetic
induction is accomplished by inhalation of oxygen and increasing
concentrations of sevolurane. After loss of consciousness occurs,
intravenous access should be secured and the child lowered into
the supine position. Laryngoscopy followed by oral tracheal intubation is then accomplished without the use of muscle relaxants.
The endotracheal tube chosen should be at least one size (0.5 mm)
smaller than would normally be chosen, and a stylette is often
useful. Once the surgeon has examined the larynx, noting the
appearance of the epiglottis, aryepiglottic folds, and surrounding
tissues, the endotracheal tube may be changed to a nasotracheal
tube and secured. Tissue and blood cultures are taken, and antibiotic therapy is initiated. The child is then transferred to the ICU
for continued observation and radiographic conirmation of tube
placement. Sedation is appropriate at this time. Tracheal extubation is usually attempted 48 to 72 hours later in the OR, when a
signiicant leak around the nasotracheal tube is present and visual
inspection of the larynx by lexible iberoptic bronchoscopy conirms reduction in swelling of the epiglottis and surrounding
tissues.
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Laryngotracheobronchitis
Laryngotracheobronchitis (LTB), or croup, occurs in children
from 6 months to 6 years of age, but is primarily seen in children younger than 3 years of age. It is usually viral in etiology,
and its onset is more insidious than that of epiglottitis. The child
presents with low-grade fever, inspiratory stridor, and a “barking” cough. Radiologic examination conirms the diagnosis, and
subglottic narrowing of the airway column secondary to circumferential soft-tissue edema produces the “steeple” sign characteristic of LTB. Approximately 6% of patients with LTB require
admission to the hospital. Treatment includes cool, humidiied
mist and oxygen therapy, usually administered in a tent for mildto-moderate cases. More severe cases of LTB are accompanied

figurE 47-8. Aspirated foreign body in the right mainstem bronchus.
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type of aspirated item has potential complications associated with
it. Vegetable items expand with moisture encountered in the
respiratory tract and can fragment into multiple pieces, thus creating a situation in which the original foreign body is in one bronchus and, with coughing, a fragment is dislodged and transported
to the other bronchus. Oil-containing objects, such as peanuts,
cause a chemical inlammation, and sharp objects cause bleeding
in addition to the obstruction.
All aspirated foreign bodies in the airway should be removed
in the OR and considered to be emergency situations. No sedation should be administered to patients before removal of the
foreign body. If the patient has recently eaten, full-stomach precautions must be taken and anesthesia should be induced intravenously (topical anesthetic cream may be applied to the skin
before intravenous catheter insertion in small children) by rapid
sequence, and gentle cricoid pressure maintained during intubation of the trachea. If the child has not eaten recently, anesthesia
may be induced by inhalation of sevolurane in oxygen by mask.
Inhalation induction can be prolonged secondary to obstruction
of the airway, and N2O should be avoided to prevent air trapping distal to the obstruction. After evacuation of the stomach
by orogastric tube, the airway may be given over to the surgeon,
who introduces a rigid bronchoscope and removes the aspirated
object.
Spontaneous ventilation should be preserved until the location and nature of the foreign body have been determined. Ventilation via the bronchoscope requires careful attention. Hypoxia
and hypercarbia may occur because of inadequate ventilation
caused by an excessively large leak around the bronchoscope
or, more commonly, inability to provide adequate gas exchange
through a narrow-lumen bronchoscope itted with an internal
telescope. These conditions are remedied by frequent removal
of the telescope and withdrawal of the bronchoscope to the
midtrachea, allowing effective ventilation. Bronchospasm may
occur during examination of the respiratory tract and should be
treated with increasing depths of anesthesia, nebulized albuterol,
or intravenous bronchodilators. Although rare, pneumothorax
should be suspected if acute deterioration occurs during the
procedure.
Once the foreign body has been removed, examination of the
entire tracheobronchial tree is carried out to detect any additional
objects or fragments. Often, vigorous irrigation and suctioning
distal to the obstruction are required to remove secretions and
prevent the possibility of postobstructive pneumonia. Steroids are
administered if inlammation of the airway mucosa is observed.
Close postoperative observation of the patient is required so that
early intervention may be instituted in the event of respiratory
compromise secondary to airway edema or infection.

PEdiatric and adult surgEry
Certain surgical procedures are commonly performed in both
adults and children, including nasal surgery and laser surgery of
the airway. Surgery for maxillofacial trauma and upper airway
tumors or infection, as well as temporomandibular joint (TMJ)
arthroscopy, are conducted more commonly in adults.

Laser surgery of the airway
5 One of the greatest advances in airway surgery has been the use
of the laser (light ampliication by stimulated emission of radiation). For use in the airway, the laser provides precision in tar-

geting lesions, minimal bleeding and edema, preservation of
surrounding structures, and rapid healing. The laser consists of
a tube with relective mirrors at either end and an amplifying
medium between them to generate electron activity, resulting in
the production of light.47 The CO2 laser is the most widely used in
medical practice, having particular application in the treatment
of laryngeal or vocal cord papillomas, laryngeal webs, resection
of redundant subglottic tissue, and coagulation of hemangiomas.
The laser is an especially useful modality for the surgeon because
the invisible beam of light affords an unobstructed view of the
lesion during resection. The energy emitted by a CO2 laser is
absorbed by water contained in blood and tissues. Human tissue
is approximately 80% water, and laser energy absorbed by tissue
water rapidly increases the temperature, denaturing protein and
vaporizing the target tissue. The thermal energy of the laser beam
cauterizes capillaries as it vaporizes tissues; thus, bleeding and
postoperative edema are minimized.
The properties that give the laser a high degree of speciicity also supply the route by which a misdirected laser beam may
cause injury to a patient or to unprotected OR personnel.48 The
eyes are especially vulnerable, and all OR personnel should wear
laser-speciic eye goggles with side protectors to prevent injury.
Because of the limited penetration (0.01 mm) of the CO2 laser,
it may cause injury only to the cornea. Other lasers such as the
neodymium–yttrium-aluminum-garnet (Nd:YAG) have deeper
penetration, and may cause retinal injury and scarring. The eyes
of a patient undergoing laser treatment must be protected by taping them shut, followed by the application of wet gauze pads and
a metal shield. Any stray laser beam is absorbed by the wet gauze,
preventing penetration of the eyes. Laser radiation increases the
temperature of the absorbent material, and lammable objects
such as surgical drapes must be kept away from the path of the
laser beam. To avoid cutaneous burns from delected beams, wet
towels should be applied to exposed skin of the face and neck
when the laser is being used in the airway. Laser smoke plumes
may cause damage to the lungs; interstitial pneumonia has been
reported with long-term exposure. In addition, it has been postulated that cancer cells and virus particles, including human
immunodeiciency virus, are vaporized during laser application,
and the resultant smoke plume, if inhaled, may be a vehicle for
spread. The use of specially designed surgical masks for iltering
laser smoke is recommended.
Most anesthetic techniques are suitable for laser surgery,
provided that patients are immobile and the laser beam can be
directed at a target that is entirely still and in full view. Both N2O
and oxygen support combustion; therefore, the primary gas for
anesthetic maintenance should consist of blended air and oxygen or helium and oxygen. A pulse oximeter should be used at
all times to ensure adequate oxygenation at the lowest possible
inspired concentration of oxygen.
Anesthesia during laser surgery may be administered with or
without an endotracheal tube. The choice of endotracheal tube
used during laser surgery can affect the safety of the technique. All
standard polyvinyl chloride (PVC) endotracheal tubes are lammable and can ignite and vaporize producing hydrochloric acid
when in contact with the laser beam. Red rubber endotracheal
tubes wrapped with relective metallic tape do not vaporize but
delect the laser beam instead; however, the introduction of commercially available laser-speciic endotracheal tubes has essentially
replaced the use of these endotracheal tubes. Cuffed endotracheal
tubes should be inlated with sterile saline to which methylene
blue has been added so that a cuff rupture from a misdirected
laser spark is readily detected by the blue dye and extinguished
by the saline.49 Endotracheal tubes have been manufactured speciically for use during laser surgery. Some have a double cuff to
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tablE 47-5. ComPARISON OF STANDARD
PLASTIC VERSUS METAL
ENDOTRACHEAL TUBES
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of complete control of the airway, limited protection from laryngospasm, limited protection from debris entering the airway,
vocal cords’ motion, and dificult scavenging.

nasal surgery

Close communication between the anesthesiologist and the otorhinolaryngologist during nasal surgery is essential for a successInternal Diameter (mm)
Plastic
Metal
ful outcome and avoidance of major complications. Functional
endoscopic sinus surgery (FESS) is the most common procedure
3 (uncuffed)
4.3
5.2
performed in the nasal area. Historically, nasal procedures were
3.5 (uncuffed)
4.9
5.7
completed under topical or local anesthesia with sedation so that
4 (uncuffed)
5.5
6.1
the patient could signal the surgeon if problems arose.50 As endo4.5 (cuffed)
6.2
7
scopic nasal surgery grew larger in scope and duration, general
5 (cuffed)
6.8
7.5
anesthesia became preferred and local anesthesia with sedation
5.5 (cuffed)
7.5
7.9
was reserved for the simpler cases.
6 (cuffed)
8.2
8.5
To achieve optimal visualization of the surgical ield, bleeding
must be kept to a minimum. Current anesthetic practice includes
the use of vasoconstrictors, elevation of the head, and modest
hypotension. Preoperative evaluation of the patient includes a
ensure protection of the airway in the event of a cuff rupture, and
focused cardiovascular history to determine coronary artery dissome have a special matte inish that effectively prevents relected
ease, peripheral artery disease, and cardiac arrhythmias. Positive
laser beam scattering; some have both. Nonrelective lexible
indings may alter the degree of head elevation, use of topical conmetal endotracheal tubes are also speciically manufactured for
strictors, or the anesthetic technique and the degree of induced
use during laser surgery. The outer diameter of each size of metal
hypotension.
laser tube is considerably greater than the PVC counterpart, espeIntranasal vasoconstriction has been accomplished by the
cially in the small sizes used for pediatric anesthesia (Table 47-5). 5
use of local anesthetics combined with cocaine, epinephrine,
An apneic technique is preferred by some surgeons, especially
and phenylephrine. Systemic absorption of these agents can
when working on the airway of small infants and children. The
cause hypotension, hypertension, bradycardia, tachycardia, and
advantage of this technique is an unobstructed surgical ield to
arrhythmias.51,52 For patients on beta-blocker or calcium chanthe absence of an endotracheal tube, which may obscure the surgical ield. In this circumstance, a child is anesthetized and rennel–blocker therapy, alpha-agonist–induced hypertension may
dered immobile by the use of a muscle relaxant or deep inhalation
lead to pulmonary edema and cardiac failure. Prompt treatment
of a volatile anesthetic. The patient’s trachea is not intubated, and
is needed to prevent serious complications.
the airway is given over to the surgeon, who uses the laser for brief
The patient is positioned with the head elevated 15 degrees to
periods. Between laser applications, the patient’s lungs are ventifacilitate venous drainage. This position may give some modest
lated by mask. Because apnea is a component of this technique, it
hypotension; however, there is the potential for venous pooling
is prudent to ventilate the lungs with oxygen. Although this techin the lower extremities. General anesthesia is maintained with
nique has been widely used with safety, there is a greater potential
either inhalation based or total intravenous anesthesia (TIVA).
for debris and resected material to enter the trachea as well as the
Many surgeons now prefer TIVA since it has been shown to
potential for airway trauma as a result of repeated endotracheal
reduce blood loss and improve visualization of the surgical ield.
intubation.
Comparing isolurane and fentanyl anesthesia to remifentanyl
The use of a jet ventilator is a modiication of the apneic
and propofol resulted in better visualization and less blood loss
technique that does not require tracheal intubation but does
for the TIVA group at equal reduction in blood pressure.53,54
provide for oxygenation; ventilation during laser surgery uses a
TIVA may also have the added beneit of reducing both coughing
jet ventilator. The operating laryngoscope is itted with a cathon emergence and postoperative nausea and vomiting.
eter through which oxygen is delivered under pressure through
a variable reducing valve. Additional room air is entrained, and
skull Base surgery
the patient’s lungs are ventilated with this combination of gases.
This technique produces a quiet surgical ield because large chest
Skull base surgery may be considered the logical extension of
excursions of the diaphragm are eliminated and ventilation is
nasal surgery involving otorhinolaryngology, neurosurgery, and
uninterrupted. In morbidly obese patients and those with severe
anesthesia. The majority of adult patients undergoing skull base
small airway disease, effective ventilation is dificult to impossible
surgery have malignant tumors with a smaller group of patients
with this technique, and an alternate technique should be used.
having benign tumors, congenital malformations, or other abnorThe inal technique that may be used is spontaneous venmalities. These patients often require radiologic procedures to
tilation without the aid of an endotracheal tube (Figs. 47-9
determine the location and extent of the lesion prior to surgery.
and 47-10). In this technique, a surgical laryngoscope itted with
Noninvasive tests include CAT scans and MRIs to ascertain the
an oxygen insuflation port is inserted into the larynx. Anesthesia
extent of bony and soft-tissue abnormalities, whereas more invamay be induced with a volatile agent by mask but is maintained
sive angiography may be needed to determine tumor location and
with total intravenous agents without muscle relaxant in the
blood supply. These studies may then be used to program intraspontaneously breathing patient. Propofol may be infused with
operative localizing systems to help guide the surgical dissection.55
or without a short-acting narcotic, and the vocal cords may be
Finally, embolization of lesions may be performed a day or two
sprayed with 4% lidocaine to decrease reactivity. This technique
prior to surgery to shrink the lesion and decrease blood loss during
is advantageous in that longer periods of uninterrupted laser
the operative procedure.56
application may be provided. Disadvantages include the absence
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A

B

C

D
figurE 47-9. a: The surgical laryngoscope and the jet ventilator needle. B: The surgical view of the laryngoscope positioned
in the patient’s pharynx and connected to a continuous flow of oxygen through the jet ventilator needle. C: View of the anesthetized, spontaneously breathing patient. d: Laser-aided resection of vocal cord lesion.

A

B
figurE 47-10. a: Unrepaired posterior laryngeal cleft. B: Laryngeal cleft post surgical repair.

1369

Special attention during the preoperative assessment should
ing and swallowing, they do not usually appear with critical
be given to prior surgical procedures which may affect the airairways from swelling. These same symptoms may occur with
way, chemotherapy, and radiation treatment. Prior surgical proLudwig’s angina which is a generalized cellulitis of the sub6 cedures may alter a previously easy airway which subsequently
mandibular region.60 The infection is often the result of dental
may require advanced airway management techniques to intuabscesses and extends into the submandibular, submental, and
bate the trachea. Prior chemotherapy can have anesthetic implisublingual areas. Involvement of the sublingual spaces pushes the
cations depending on the agents used. Adriamycin and other
tongue upward and backward compromising the airway.61 Assocardiotoxic agents whose effects are dose dependent may require
ciated swelling of the soft tissue in the supraglottic region can
a cardiac evaluation including an echocardiogram. Decreased
lead to obstruction of the airway and asphyxiation making this
cardiac function may impact the type of anesthetic agents used
a surgical emergency to drain the abscess and relieve the airway
and require the use of pulmonary catheter for monitoring. Neucompromise.
rotoxic agents may lessen the dose of muscle relaxants or cause
Airway management can be very dificult in these cases.62
their duration of action to be prolonged requiring neuromuscuAwake tracheostomy with local anesthesia has been considered
lar monitoring. Prior radiation therapy usually does not cause
the safest in these patients. Alternative techniques of intubation
systemic problems unless the pituitary gland is damaged which
include iberoptic nasal intubation and direct laryngoscopy after
can give rise to the problems of panhypopituitarism leading to
inhalational anesthesia. These patients require care in an ICU
hypothyroidism, hypoadrenocorticism, and diabetes insipidus. 6 whether they have a tracheotomy or an endotracheal tube once
However, prior radiation therapy may lead to ibrosis and ankythe abscess has been drained as increased swelling may develop.
losis in the temporomandibular joint, rendering orotracheal intuThe trachea should not be extubated until there is some resolubation dificult. Previous radiation to the operative site may also
tion of the swelling.
increase blood loss and results in poor wound healing. Secondary
radiation ibrosis may also make the surgical dissection more dificult and time consuming. It may also necessitate the use of free
temporomandibular Joint arthroscopy
or vascularized grafts to close the surgical site. The location of the
donor site and potential anastomotic sites must also be considArthroscopic surgery of the TMJ as an outpatient procedure has
ered when positioning the patient.
been made possible by the development of small gauge arthroClose attention must be paid to the evaluation of the head and
scopes and lasers. Indications for arthroscopic surgery include
neck is during the physical examination. Usually these patients do
dislocation of cartilage causing clicking or lock jaw, immobilnot have a dificult airway or require special techniques for intuity secondary to ibrosis, osteoarthritis, synovitis, or simply
bation. Although intubation may not be dificult, the route and
arthralgia.63,64
ixation of the endotracheal tube must be given consideration.
Immobility caused by pain is often relieved by general anesFor lesions requiring a midline surgical approach, oral intubation
thesia allowing for easy intubation. When immobility is caused by
is the preferred route. If the lesion does not cross the midline, an 7 ibrosis resulting from long-standing immobility, nasal iberoptic
oral or nasal approach may be used. Nasal endotracheal tubes
intubation may be required for tracheal intubation. Complicamay be secured by use of a heavy suture through the nasal septum
tions are rare but include temporary or total deicits of cranial
and around the tube. Oral endotracheal tubes may be secured by
nerves V, VII, and VIII along with hearing loss. Of particular
either wiring the endotracheal tube to the teeth, suturing it to the
importance to the anesthesiologist is partial or complete closure
gingival periosteum, or by using a circummandibular wire.
of the airway due to extravasation of the luid used to irrigate the
There are two noteworthy points for anesthetic considerjoint during arthroscopy.65 The patient’s airway should be examation: The use of muscle relaxation and deliberate hypotension.57
ined for evidence of swelling indicating signiicant extravasation
Similar to other procedures in which the facial nerve is at risk for
of luid to avert a potential disaster.
injury or transection during dissection, it is necessary to avoid
paralysis so that the facial nerve may be periodically stimulated to
verify its integrity. Muscle relaxants may be given if nerve stimumaxillofacial trauma
lation is no longer required. Minimizing blood loss and a plan for
replacement with blood products must be considered. Deliberate
Traumatic disruption of the bony, cartilaginous, and soft-tissue
hypotension or hemodilution can be used to minimize blood loss
components of the face and upper airway challenges the anestheduring the procedure. Their use together is contraindicated since
siologist to recognize the nature and extent of the injury and contissue oxygen delivery may be inadequate. Recently, antithrombosequent anatomic alteration, create a plan for securing the airway
lytic therapy has been used with success in craniofacial procedures
safely, implement the plan without doing further damage, mainand may be of beneit in these cases.58,59 Directed donor or autolotain the airway during the administration of an anesthetic, and
gous blood donation have been used to minimize or decrease the
determine when and how to extubate the patient’s trachea. Also
exposure to allogenic blood products. Blood salvage techniques,
necessary is the creation of a comfortable environment for both
such as cell saver, are usually not appropriate given that most sursurgeon and anesthesiologist in a limited work space.
gical sites are not reached through sterile approaches.
It is conventional to divide the facial skeleton into thirds.
The lower third consists of the mandible, with its subdivisions
of midline symphysis, body, angle, ramus, condyle, and coronoid
process. The middle third contains the zygomatic arch of the
Upper airway infections
temporal bone, blending into the zygomaticomaxillary complex,
the maxillae, nasal bones, and orbits. The superior third consists
Infectious processes of the upper airway can occur in the adult
of the frontal bone. This combination of bony buttresses and
and present the same problems of airway compression, distorarches creates a normal vector of force dispersion and distribution, and compromise. Inlammation of the upper airway caused
tion to absorb the normal forces of mastication as well as external
mainly by gram-negative bacteria, may present with the same
trauma. Thus, a blow to the mandible may be of suficient magnisymptoms as epiglottitis in the pediatric age group. While these
tude to fracture the mandible at the point of impact or elsewhere,
patients present with fever, chills, drooling, and dificulty speak-
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but does not extend the fracture line into the base of the skull.
However, the force from a blow to the midface, especially from in
front and above, does not follow a normal vector of force dispersion and redistribution. Rather, it tends to create an abnormal
shearing force, which may tear the facial skeleton from the cranial
skeleton and extend the fracture into the base of the skull. In any
patient with severe midfacial trauma, a fracture of the base of the
skull must be considered.
The mandible is a tubular bone and, as such, derives its strength
from the cortices and is least vulnerable to fracture where the cortex is thickest at the anteroinferior margin. Moving posteriorly,
the cortex thins, and a greater incidence of fractures is found at the
angle of the mandible, the ramus, and the condyle.66,67 Another
common point of fracture is in the body of the mandible at the
level of the irst or second molar. Clinical experience indicates that
this distribution occurs after high-velocity, high-impact trauma,
such as occurs in an automobile accident. After trauma inlicted
by a ist, a blunt weapon, or a fall, there is a greater tendency for a
fracture of the symphysis, parasymphysis, and body to occur. This
difference may result not only from lesser versus greater energy
impact and redistribution, but also from the person’s tendency
to turn the head away from an impending blow and thus take the
force of impact on the side of the face and the body of the mandible rather than on the symphysis.68
The mandible has a unique, horseshoe shape that causes
forces to gather at points of vulnerability, often distant from
the point of impact. If this phenomenon is unrecognized, it
can create serious problems in diagnosis. It may be known, for
example, that the patient was struck on the symphysis, but it
must also be recognized that he or she may have a fracture of the
condyle, perhaps with involvement of the TMJ and limitation of
jaw mobility.
In 1901, Rene LeFort of Lille, France, published the results of a
series of rather bizarre experiments.69 He attempted to determine
if there is a reliable means of detecting facial fractures by examining facial soft-tissue injuries and by using the nature and extent
of these injuries as indicators of bony disruption. He concluded
that extensive soft-tissue injury does not necessarily indicate
bony trauma, and conversely, serious fractures may exist with
relatively little soft-tissue disruption. In the course of his studies,
LeFort determined the common lines of midface fracture, which
are thus eponymous and called LeFort I, LeFort II, and LeFort III
fractures.
The LeFort I fracture is a horizontal fracture of the maxilla,
passing above the loor of the nose but involving the lower third
of the septum, mobilizing the palate, maxillary alveolar process,
and the lower third of the pterygoid plates and parts of the palatine bones. The fracture segment may be displaced posteriorly or
laterally or rotated about a vertical axis.
The LeFort II fracture is pyramidal, beginning at the junction
of the thick upper part of the nasal bone, with the thinner portion forming the upper margin of the anterior nasal aperture.
The fracture crosses the medial wall of the orbit, including the
lacrimal bone beneath the zygomaticomaxillary suture; crosses
the lateral wall of the antrum; and passes posteriorly through the
pterygoid plates. The fracture segment may be displaced posteriorly or rotated about an axis.
In a LeFort III fracture, the line of fracture parallels the base
of the skull, separating the midfacial skeleton from the base of
the cranium. The line of fracture passes through the base of the
nose and the ethmoid bone in its depth, and through the orbital
plates. The cribriform plate of the ethmoid may or may not be
fractured. The fracture line crosses the lesser wing of the sphenoid, then downward to the pterygomaxillary issure and sphenopalatine fossa. From the base of the inferior orbital issure, the

fracture extends laterally and upward to the frontozygomatic
suture and downward and backward to the root of the pterygoid
plates. A LeFort III fracture results from massive force applied
to the midface. The zygomata are displaced, applying rotational
force to the zygomatic arches. The arches are usually fractured
as a result.
With a LeFort III fracture, the midface is mobilized and often
distracted posteriorly. The normal convexity of the face becomes
concave, giving rise to the characteristic “dish face deformity” of a
LeFort III fracture. Even if this facial concavity is not clinically evident, the presence of a LeFort III fracture should be suspected if the
incisive edges of the maxillary and mandibular teeth are apposed,
instead of the normal position in which the maxillary incisors
shingle over the mandibular incisors. This apposition serves as a
subtle clue to minimal posterior displacement of the midface.
The patient who has sustained facial trauma may present with
an obvious pathologic process that can distract the physician
from completing a total evaluation of the patient. In the patient
with facial trauma, other injuries may not be as apparent but
may represent a greater threat to the patient’s well-being. One
study revealed that in patients with maxillofacial injury due to
low-velocity, low-impact blows, 4% had additional major lifethreatening injuries and 10% had additional minor injuries. With
high-velocity, high-impact accidents, 32% had major additional
injuries and 31% had minor additional injuries.70 Of great importance, cervical spine fractures occurred in 1.2% of high-velocity
injuries. Another study has reported a 5.5% incidence of cervical
spine injury in patients with facial skeletal trauma.71 Any level of
the cervical spine may be involved, but injuries at C2 (31%) and
C6 to C7 (50%) predominate. Cranial fractures and intracranial
injury also are not uncommon.
Once an understanding of the facial trauma that was sustained and the consideration of concomitant injuries assessed, the
patient can be examined and a plan for safe tracheal intubation
devised. While tracheal intubation can usually be accomplished
without dificulty, there are some situations which require further
explanation.
Patients who do not open their mouth during the preoperative evaluation require further thought. One must ascertain if the
limit mouth opening is the result of pain, trismus, or mechanical
problem or some combination of the three. Simple fractures of
the mandible can be very painful on movement of the jaw. Once
the patient is anesthetized, the mouth can be opened and tracheal
intubation can proceed without dificulty. Occasionally, there
may be mechanical interference with opening from injury to
the temporomandibular area either directly or indirectly. Direct
trauma to the mandibular condyle or zygomatic arch may cause
fractures that interfere with normal function of the TM joint.
Indirect trauma is caused by transmittal of force up the body and
ramus to the condyles. Compression fractures of condyles in the
glenoid fossa and greenstick fractures of the condyles may result
impeding opening.
Trismus, spasm of the muscles of mastication, can result from
trauma or infection and interfere with mouth opening. It too is
usually overcome by general anesthesia and muscle relaxation.
The caveat here is that should the trismus be of long standing
some degree of joint immobility will occur. If the trismus is caused
by a facial infection, the affected muscles may become edematous
and swell causing a mechanical interference with opening.
Lastly, the issue of nasotracheal intubation should be addressed
for the patient with facial trauma. It is indicated in situations
where oral intubation is impossible, for the patient without protective airway relexes or in situations where prolonged intubation is
anticipated. The major contraindication to nasotracheal intubation
is the LeFort III fracture where the cribriform plate of the ethmoid

CHAPteR 47 Anesthesia for Otolaryngologic Surgery

extubation
8 Extubating the trachea at the end of a procedure is often straightforward and uneventful. Some clinicians will position the patient
on their side to allow any pooled secretions or blood from the nasopharynx from irritating the vocal cords. This helps prevent coughing and laryngospasm making emergence that much smoother.
After trauma, infection, or extensive oral resection for tumor,
the endotracheal tube must not be removed until there is clearly
subsidence of any edema that might compromise the unprotected
airway. Particular attention must be given to the submandibular
area, where extensive edema forces the tongue upward and posteriorly compromising the airway. An edematous tongue protruding
beyond the incisors is a warning sign of edema. If substantial edema
is present, a waiting period of 24 to 36 hours is usually indicated.
Serious infection may require a longer period of time to resolve.
Extubation in these patients should not be attempted until there
is clear evidence of an air leak around the endotracheal tube once
the cuff is delated. As a safety precaution, the endotracheal tube can
be removed over a tube changer.75 The tube changer can be left in
place until it is certain that the spontaneously breathing patient is
able to maintain adequate gas exchange. Supplemental oxygen can
also be delivered through the tube changer if needed remembering
that barotrauma may occur if there is not adequate egress of air leading to pneumomediastinum, pneumothorax, and possible death.76
Another useful technique is to place a iberoptic bronchoscope
through the tube and into the airway and to remove the tube over
the bronchoscope so that it can be replaced immediately if necessary.
When tracheostomy has been incorporated into the anesthetic
and the surgical plan, it is maintained at the termination of the
procedure. These patients need to be in the ICU whether breathing spontaneously or needing mechanical ventilation. Care must
be taken to ensure that the tracheostomy tube not get dislodged
or removed which may result in a catastrophic outcome.
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