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37
C H A P T E R

 Anesthesia for 
Otorhinolaryngologic 
Surgery 

  K E Y  C O N C E P T S  

  The anesthetic goals for laryngeal 
endoscopy include profound muscle 
paralysis to provide masseter muscle 
relaxation for introduction of the suspension 
laryngoscope and an immobile surgical 
fi eld, adequate oxygenation and ventilation 
during surgical manipulation of the airway, 
and cardiovascular stability during periods 
of rapidly varying surgical stimulation . 

  During jet ventilation, it is crucial to monitor 
chest wall motion and to allow suffi  cient 
time for exhalation in order to avoid air 
trapping and barotrauma . 

  The greatest concern during laser airway 
surgery is an endotracheal tube fi re. This 
risk can be minimized by using a technique 
of ventilation that does not involve a 
fl ammable tube or catheter (eg, intermittent 
apnea or jet ventilation through the 
laryngoscope side port), or by using a laser-
resistant endotracheal tube and lowering 
the fraction of inspired oxygen   (ideally, as 
close to 21% as possible, consistent with 
adequate tissue oxygenation, as monitored 
by pulse oximetry) and not using nitrous 
oxide . 

  Techniques to minimize intraoperative 
blood loss include the use of cocaine or an 
epinephrine-containing local anesthetic 
for vasoconstriction, maintaining a slightly 
head-up position, and providing a mild 
degree of controlled hypotension . 
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  As always, if there is serious preoperative 
concern regarding potential airway 
problems, an intravenous induction may 
be avoided in favor of awake direct or 
fi beroptic laryngoscopy (cooperative 
patient) or an inhalational induction while 
maintaining spontaneous ventilation 
(uncooperative patient). In any case, the 
appropriate equipment and qualifi ed 
personnel required for an emergency 
tracheostomy must be immediately 
available . 

  The surgeon may request the omission 
of neuromuscular blockers during neck 
dissection or parotidectomy to identify 
nerves (eg, spinal accessory, facial nerves) 
by direct stimulation and to preserve 
them . 

  Manipulation of the carotid sinus and 
stellate ganglion during radical neck 
dissection (the right side more than 
the left) has been associated with wide 
swings in blood pressure, bradycardia, 
dysrhythmias, sinus arrest, and prolonged 
QT intervals. Infi ltration of the carotid 
sheath with local anesthetic will usually 
ameliorate these problems. Bilateral neck 
dissection may result in postoperative 
hypertension and loss of hypoxic drive 
because of denervation of the carotid 
sinuses and bodies . 
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774 SECTION III Anesthetic Management

Continued—

available for review. Many patients will have under-
gone preoperative indirect laryngoscopy or fi berop-
tic nasopharyngoscopy, and the information gained 
from these procedures may be of critical importance. 

 Important initial questions that must be 
answered are whether the patient can be provided 
with positive-pressure ventilation with a face mask 
and rebreathing bag, and whether the patient can 
be intubated using conventional direct or video 
laryngoscopy. If the answer to either question is not 
“yes,” the patient’s airway should be secured prior to 
induction using an alternative technique (eg, use of 
a fi beroptic bronchoscope or a tracheostomy under 
local anesthesia; see Case Discussion, Chapter 19). 
However, even the initial securing of an airway with 
tracheostomy does not prevent intraoperative air-
way obstruction due to surgical manipulation and 
techniques. 

 Sedative premedication should be avoided in 
a patient with medically important upper airway 
obstruction. Glycopyrrolate (0.2–0.3 mg intramus-
cularly) 1 hr before surgery may prove helpful by 
minimizing secretions, thereby facilitating airway 
visualization.  

  Intraoperative Management 
     Th e anesthetic goals for laryngeal endoscopy 
include an immobile surgical fi eld and ade-

quate masseter muscle relaxation for introduction of 
the suspension laryngoscope (typically the result of 
profound muscle paralysis), adequate oxygenation 
and ventilation, and cardiovascular stability despite 
rapidly varying levels of surgical stimulation. 

1

 In few other circumstances are cooperation and 
communication between surgeon and anesthesiolo-
gist more important than during airway surgery. Es-
tablishing, maintaining, and protecting an airway in 
the face of abnormal anatomy and simultaneous sur-
gical intervention are demanding tasks. An under-
standing of airway anatomy (see Chapter 19) and an 
appreciation of common otorhinolaryngologic and 
maxillofacial procedures are invaluable in handling 
these anesthetic challenges.    

  ENDOSCOPY 
 Endoscopy includes laryngoscopy (diagnostic 
and operative), microlaryngoscopy (laryngoscopy 
aided by an operating microscope), esophagos-
copy, and bronchoscopy (discussed in Chapter 25). 
Endoscopic procedures may be accompanied by 
laser surgery. 

  Preoperative Considerations 
 Patients presenting for endoscopic surgery are oft en 
being evaluated for voice disorders (oft en present-
ing as hoarseness), stridor, or hemoptysis. Possible 
diagnoses include foreign body aspiration, trauma to 
the aerodigestive tract, papillomas, tracheal stenosis, 
tumors, or vocal cord dysfunction. Th us, a preopera-
tive medical history and physical examination, with 
particular attention to potential airway problems, 
must precede any decisions regarding the anes-
thetic plan. In some patients, fl ow–volume loops 
(Chapter  6) or radiographic, computed tomogra-
phy, or magnetic resonance imaging studies may be 

  If there is a chance of postoperative edema 
involving structures that could obstruct 
the airway (eg, tongue), the patient should 
be carefully observed and perhaps should 
be left intubated . 

 Nitrous oxide is either entirely avoided 
during tympanoplasty or discontinued prior 
to graft placement .   
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      Patients undergoing maxillofacial 
reconstruction or orthognathic surgical 
procedures often pose the greatest airway 
challenges to the anesthesiologist. If there 
are any anticipated signs of problems with 
mask ventilation or tracheal intubation, the 
airway should be secured prior to induction 
of general anesthesia . 
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 CHAPTER 37 Anesthesia for Otorhinolaryngologic Surgery  775

  A. Muscle Relaxation 
 Intraoperative muscle relaxation can be achieved 
by intermittent boluses or infusion of intermediate-
duration nondepolarizing neuromuscular block-
ing agents (NMBs) (eg, rocuronium, vecuronium, 
cisatracurium), or with a succinylcholine infusion. 
However, profound degrees of nondepolarizing 
block may prove diffi  cult to reverse and may delay 
return of protective airway refl exes and extubation. 
Given that profound relaxation is oft en needed until 
the very end of the surgery, endoscopy remains one 
of the few remaining indications for succinylcholine 
infusions. Rapid recovery is important, as endos-
copy is oft en an outpatient procedure.  

  B. Oxygenation & Ventilation 
 Several methods have successfully been used to 
provide oxygenation and ventilation during endos-
copy, while simultaneously minimizing interference 
with the operative procedure. Most commonly, the 
patient is intubated with a small-diameter endo-
tracheal tube through which conventional posi-
tive-pressure ventilation is administered. Standard 
tracheal tubes of smaller diameters, however, are 
designed for pediatric patients, and therefore are too 
short for the adult trachea and have a low-volume 
cuff  that will exert high pressure against the tra-
cheal mucosa. A 4.0-, 5.0-, or 6.0-mm specialized 
microlaryngeal tracheal tube (Mallinckrodt MLT ® , 
Mallinckrodt Critical Care) is the same length as an 
adult tube, has a disproportionately large high-vol-
ume low-pressure cuff , and is stiff er and less prone 
to compression than is a conventional tracheal tube 
of the same diameter. Th e advantages of intubation 
in endoscopy include protection against aspiration 
and the ability to administer inhalational anesthetics 
and to continuously monitor end-tidal CO 2 . 

 In some cases (eg, those involving the poste-
rior commissure or vocal cords), intubation with 
a tracheal tube may interfere with the surgeon’s 
visualization or performance of the procedure. A 
simple alternative is insuffl  ation of high fl ows of 
oxygen through a small catheter placed in the tra-
chea. Although oxygenation may be maintained in 
patients with good lung function, ventilation will be 
inadequate for longer procedures unless the patient 
is allowed to breathe spontaneously. 

 Another option is the intermittent apnea tech-
nique, in which ventilation with oxygen by face 
mask or endotracheal tube is alternated with peri-
ods of apnea, during which the surgical procedure is 
performed. Th e duration of apnea, usually 2–3 min, 
is determined by how well the patient maintains 
oxygen saturation, as measured by pulse oximetry. 
Risks of this technique include hypoventilation with 
hypercarbia, failure to reestablish the airway, and 
pulmonary aspiration. 

 Another attractive alternative approach involves 
connecting a manual jet ventilator to a side port of 
the laryngoscope. During inspiration (1–2 s), a 
high-pressure (30–50 psi) jet of oxygen is directed 
through the glottic opening and entrains a mix-
ture  of oxygen and room air into the lungs 
(Venturi eff ect). Expiration (4–6 s duration) is pas-

sive.     It is crucial to monitor chest wall motion 
and to allow suffi  cient time for exhalation to 

avoid air trapping and barotrauma. Th is technique 
requires total intravenous anesthesia. A variation of 
this technique is high-frequency jet ventilation, 
which utilizes a small cannula or tube in the trachea, 
through which gas is injected 80–300 times per min-
ute (see Chapter 57). Capnography will not provide 
an accurate estimate of end-tidal CO 2  during jet ven-
tilation due to constant and sizable dilution of alveo-
lar gases.  

  C. Cardiovascular Stability 
 Blood pressure and heart rate oft en fl uctuate strik-
ingly during endoscopic procedures for two rea-
sons. First, some of these patients are elderly and 
have a long history of heavy tobacco and alcohol 
use that predisposes them to cardiovascular dis-
eases. In  addition, the procedure is, in essence, a 
series of physiologically stressful laryngoscopies 
and interventions, separated by varying periods of 
minimal surgical stimulation. Attempting to main-
tain a constant level of anesthesia invariably results 
in alternating intervals of hypertension and hypo-
tension. Providing a modest baseline level of anes-
thesia allows supplementation with short-acting 
anesthetics (eg, propofol, remifentanil) or sympa-
thetic antagonists (eg, esmolol), as needed, dur-
ing periods of increased stimulation. Alternatively, 
some anesthesia providers use regional nerve block 

2
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776 SECTION III Anesthetic Management

of the glossopharyngeal nerve and superior laryn-
geal nerve to help minimize intraoperative swings in 
blood pressure (see Case Discussion, Chapter 19).   

  Laser Precautions 
 Laser light diff ers from ordinary light in three ways: 
it is monochromatic (possesses one wavelength), 
coherent (oscillates in the same phase), and colli-
mated (exists as a narrow parallel beam). Th ese char-
acteristics off er the surgeon excellent precision and 
hemostasis with minimal postoperative edema or 
pain. Unfortunately, lasers introduce several major 
hazards into the operating room environment. 

 Th e uses and side eff ects of a laser vary with its 
wavelength, which is determined by the medium in 
which the laser beam is generated. For example, a 
CO 2  laser produces a long wavelength (10,600 nm), 
whereas a yttrium–aluminum–garnet (YAG) laser 
produces a shorter wavelength (1064- or 1320-nm). 
As the wavelength increases, absorption by water 
increases, and tissue penetration decreases. Th us, 
the eff ects of the CO 2  laser are much more localized 
and superfi cial than are those of the YAG laser. 

 General laser precautions include the evacuation 
of toxic fumes (laser plume) from tissue vaporiza-
tion; these have the potential to transmit microbio-
logical diseases. When signifi cant laser plume is 
generated, fi tted respiratory fi lter masks compliant 
with Occupation Safety and Health Administration 
standards should be worn by all operating room 
 personnel. In addition, during laser procedures, all 
 operating room personnel should wear laser eye 
 protection, and the patient’s eyes should be taped 
shut. 

     Th e greatest risk of laser airway surgery (if an 
endotracheal tube is used) is an airway fi re. 

Th is risk can be moderated by using a technique of 
ventilation that minimizes the fraction of inspired 
oxygen (F io  2 ) and can be eliminated if there is no 
combustible material (eg, no fl ammable tube or 
catheter) in the airway. If an endotracheal tube is 
used, it must be relatively resistant to laser igni-
tion ( Table 37–1 ). Th ese tubes not only resist laser 
beam strikes, but they also possess double cuff s that 
should be infl ated with saline instead of air in order 
to better absorb thermal energy and reduce the risk 
of ignition. If the proximal cuff  is struck by the laser 
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and the saline escapes, the distal cuff  will continue 
to seal the airway. Alternatively, endotracheal tubes 
can be wrapped with a variety of metallic tapes; 
however, this is a suboptimal practice and should be 
avoided whenever use of a specialized, commercially 
available, fl exible, stainless steel laser-resistant endo-
tracheal tube is possible ( Table 37–2 ).   

 Although specialized, laser-resistant endotra-
cheal tubes may be used, it must be emphasized that 
no endotracheal tube or currently available endotra-
cheal tube protection device is reliably laser-proof. 
Th erefore, whenever laser airway surgery is being 
performed with an endotracheal tube in place, the 
following precautions should be observed:  

•   Inspired oxygen concentration should be as low 
as possible by utilizing air in the inspired gas 
mixture (many patients tolerate an F io  2  of 21%). 

   TABLE 371  Advantages and disadvantages 
of various tracheal tubes for laser airway 
surgery. 

Type of Tube Advantages Disadvantages

Polyvinyl 
chloride

Inexpensive, 
nonreflective

Low melting point, 
highly combustible 1 

Red rubber Puncture-resistant, 
maintains structure, 
nonreflective

Highly combustible 1 

Silicone 
rubber

Nonreflective Combustible, 1  
turns to toxic ash

Metal Combustion-
resistant, 1  
kink-resistant

Thick-walled 
flammable cuff, 
transfers heat, reflects 
laser, cumbersome

1 Combustibility depends on fraction of inspired oxygen and laser energy.

   TABLE 372  Disadvantages of wrapping 
a tracheal tube with metallic tape. 

No cuff protection
Adds thickness to tube
Not a device approved by the US Food and Drug 
 Administration
Protection varies with type of metal foil
Adhesive backing may ignite
May reflect laser onto nontargeted tissue
Rough edges may damage mucosal surfaces
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•  Nitrous oxide supports combustion and should 
be avoided. 

•  Th e endotracheal tube cuff s should be fi lled 
with saline. Some practitioners add methylene 
blue to signal cuff  rupture. A well-sealed cuff ed 
tube will minimize oxygen concentration in 
the pharynx. 

•  Laser intensity and duration should be limited 
as much as possible. 

•  Saline-soaked pledgets (completely saturated) 
should be placed in the airway to limit risk 
of endotracheal tube ignition and damage to 
adjacent tissue. 

•  A source of water (eg, 60-mL syringe) should 
be immediately available in case of fi re.  

 Th ese precautions limit, but do not eliminate, 
the risk of an airway fi re; anesthesia providers must 
proactively address the hazard of fi re whenever 
laser or electrocautery is utilized near the airway 
( Table 37–3 ).  

 If an airway fi re should occur, all air/oxygen 
should immediately be turned off  at the anesthe-
sia gas machine, and burning combustible material 
(eg, an endotracheal tube) should be removed from 
the airway. Th e fi re can be extinguished with saline, 
and the patient’s airway should be examined to be 
certain that all combustible fragments have been 
removed.   

  NASAL & SINUS SURGERY 
 Common nasal and sinus surgeries include polyp-
ectomy, endoscopic sinus surgery, maxillary sinus-
otomy (Caldwell–Luc procedure), rhinoplasty, and 
septoplasty. 

  Preoperative Considerations 
 Patients undergoing nasal or sinus surgery may have 
a considerable degree of preoperative nasal obstruc-
tion caused by polyps, a deviated septum, or muco-
sal congestion from infection. Th is may make face 
mask ventilation diffi  cult, particularly if combined 
with other causes of diffi  cult ventilation (eg, obesity, 
maxillofacial deformities). 

 Nasal polyps are oft en associated with allergic 
disorders, such as asthma. Patients who also have 
a history of allergic reactions to aspirin should not 
be given any nonsteroidal antiinfl ammatory drugs 
(including ketorolac) for postoperative analgesia. 
Nasal polyps are a common feature of cystic fi brosis. 

 Because of the rich vascular supply of the nasal 
mucosa, the preoperative interview should concen-
trate on questions concerning medication use (eg, 
aspirin, clopidogrel) and any history of bleeding 
problems.  

  Intraoperative Management 
 Many nasal procedures can be satisfactorily per-
formed under local anesthesia with sedation. Th e 
anterior ethmoidal nerve and sphenopalatine 
nerves ( Figure 19–3 ) provide sensory innervation 
to the nasal septum and lateral walls. Both can be 
blocked by packing the nose with gauze or cotton-
tipped applicators soaked with local anesthetic. 
Th e topical anesthetic should be allowed to remain 
in place at least 10 min before instrumentation is 
attempted. Supplementation with submucosal injec-
tions of local anesthetic is oft en required. Use of an 
epinephrine-containing solution or cocaine (usually 
a 4% or 10% solution) will shrink the nasal mucosa 
and potentially decrease intraoperative blood loss. 
Intranasal cocaine (maximum dose, 3 mg/kg) is rap-
idly absorbed (reaching peak levels in 30 min) and 
may be associated with cardiovascular side eff ects 
(see Chapter 16). 

 General anesthesia is oft en preferred for 
nasal surgery because of the discomfort and incom-
plete block that may accompany topical anesthesia. 
Special considerations during and shortly following 
induction include using an oral airway during 
face mask ventilation to mitigate the eff ects of nasal 
obstruction; intubating with a reinforced or pre-
formed Mallinckrodt oral RAE ®  (Ring–Adair–Elwyn) 

   TABLE 373  Airway fi re protocol. 

1.  Stop ventilation and remove tracheal tube.
2.  Turn off oxygen and disconnect circuit from machine.
3.  Submerge tube in water.
4.  Ventilate with face mask and reintubate.
5.  Assess airway damage with bronchoscopy, serial chest 

x-rays, and arterial blood gases.
6.  Consider bronchial lavage and steroids.
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778 SECTION III Anesthetic Management

endotracheal tube ( Figure 36–1 ); and tucking the 
patient’s padded arms, with protection of the fi ngers, 
to the side. Because of the proximity of the surgical 
fi eld, it is important to tape the patient’s eyes closed 
to avoid a corneal abrasion. One exception to this 
occurs during dissection in endoscopic sinus sur-
gery, when the surgeon may wish to periodically 
check for eye movement because of the close prox-
imity of the sinuses and orbit ( Figure 37–1 ); none-
theless, the eyes should remain protected until the 
surgeon is ready to observe them. NMBs are oft en 
utilized because of the potential neurological or 
ophthalmic complications that might arise if the 
patient moves during sinus instrumentation.  

     Techniques to minimize intraoperative blood 
loss include supplementation with cocaine 

or an epinephrine-containing local anesthetic, 
maintaining a slightly head-up position, and pro-
viding a mild degree of controlled hypotension. A 
posterior pharyngeal pack is oft en placed to limit 
the risk of aspiration of blood. Despite these pre-
cautions, the anesthesiologist must be prepared for 
major blood loss, particularly during the resection 
of vascular tumors (eg, juvenile nasopharyngeal 
angiofi broma). 

 Coughing or straining during emergence from 
anesthesia and extubation should be avoided, as 
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these events will increase venous pressure and 
increase postoperative bleeding. Unfortunately, rela-
tively deep extubation strategies that are commonly 
and appropriately utilized to accomplish this goal 
also may increase the risk of aspiration.   

  HEAD & NECK 
CANCER SURGERY 
 Surgery for cancer of the head and neck includes 
laryngectomy, glossectomy, pharyngectomy, paroti-
dectomy, hemimandibulectomy, and radical neck 
dissection. An endoscopic examination following 
induction of anesthesia oft en precedes these surgical 
procedures. Timing of a tracheostomy, if planned, 
depends upon the patient’s preoperative airway 
compromise. Some procedures may include exten-
sive reconstructive surgery, such as the transplanta-
tion of a free microvascular muscle fl ap. 

  Preoperative Considerations 
 Th e typical patient presenting for head and neck 
cancer surgery is older and oft en has had many years 
of heavy tobacco and alcohol use. Common coexist-
ing medical conditions include chronic obstructive 
pulmonary disease, coronary artery disease, hyper-
tension, diabetes, alcoholism, and malnutrition. 

  FIGURE 371     Orbital fracture is a risk of endoscopic 
sinus surgery because of the proximity of the sinuses to 
the orbit ( A , frontal view;  B , coronal section). (Reproduced 

and modifi ed, with permission, from Snell RS, Katz J:  Clinical Anatomy 

for Anesthesiologists . Appleton & Lange, 1988.)  
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 Airway management may be complicated by 
abnormal airway anatomy, an obstructing lesion, or 
by preoperative radiation therapy that has fi brosed, 
immobilized, and distorted the patient’s airway 

structures.     If there is concern regarding poten-
tial airway problems, intravenous induction 

may be avoided in favor of awake direct or fi beroptic 
laryngoscopy (cooperative patient) or direct or 
fi beroptic intubation following an inhalational 
induction, maintaining spontaneous ventilation 
(uncooperative patient). Elective tracheostomy 
under local anesthesia prior to induction of general 
anesthesia is oft en a prudent option. In any case, the 
appropriate equipment and qualifi ed personnel 
required for an emergency tracheostomy must be 
immediately  available.  

  Intraoperative Management 
  A. Monitoring 
 Because many of these procedures are lengthy and 
associated with substantial blood loss, and because 
of the prevalence of coexisting cardiopulmonary 
disease, arterial cannulation is oft en utilized for 
blood pressure monitoring and frequent laboratory 
analyses. If central venous access is deemed neces-
sary, the surgeon should be consulted to ascertain 
that planned internal jugular or subclavian venous 
access will not interfere with the intended surgical 
procedures; in such cases, if both internal jugular 
and both subclavian veins are unavailable, antecu-
bital or femoral veins are reasonable alternatives. 
Arterial lines and intravenous cannulas should 
not be placed in the operative arm if a radial fore-
arm fl ap is planned. A minimum of two large-bore 
intravenous lines and a urinary catheter (preferably 
with temperature-monitoring capability) should 
be placed. A forced-air warming blanket should be 
positioned over the lower extremities to help main-
tain normal body temperature. Intraoperative hypo-
thermia and consequent vasoconstriction can be 
detrimental to perfusion of a microvascular free fl ap. 

 Intraoperative nerve monitoring is increasingly 
utilized by surgeons in anterior neck operations 
to help preserve the superior laryngeal, recur-
rent laryngeal, and vagus nerves ( Figure 37–2 ), 
and the anesthesia provider may be asked to place 
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a specialized nerve integrity monitor endotracheal 
tube (Medtronic Xomed NIM ®  endotracheal tube) 
to facilitate this process ( Figure 37–3 ).    

  B. Tracheostomy 
 Head and neck cancer surgery oft en includes tra-
cheostomy. Immediately prior to surgical entry 
into the trachea, the endotracheal tube and hypo-
pharynx should be thoroughly suctioned to limit 
the risk of aspiration of blood and secretions. If 
electrocautery is used during the surgical dissec-
tion, the F io  2  should be lowered to 30% or less, if 
possible, in order to minimize the risk of fi re as the 
trachea is surgically entered. In any case, the easiest 
way to avoid an airway fi re in this circumstance is 
for the surgeon NOT to use the cautery to enter the 
trachea. Aft er dissection down to the trachea, the 
tracheal tube cuff  is defl ated to avoid perforation 
by the scalpel. When the tracheal wall is transected, 
the endotracheal tube is withdrawn so that its tip is 
immediately cephalad to the incision. Ventilation 
during this period is diffi  cult because of the large 
leak through the tracheal incision. A sterile wire-
reinforced endotracheal tube or L-shaped cuff ed 
laryngectomy tube is placed in the trachea, the 
cuff  is infl ated, and the tube is connected to a ster-
ile breathing circuit. As soon as correct position 
is confi rmed by capnography and bilateral chest 
auscultation, the original endotracheal tube is 
removed. An increase in peak inspiratory pressure 
immediately aft er tracheostomy usually indicates a 
malpositioned endotracheal tube, bronchospasm, 
debris or secretions in the trachea, or, rarely, 
pneumothorax.  

  C. Maintenance of Anesthesia 
     Th e surgeon may request the omission of 
NMBs during neck dissection or parotidec-

tomy to identify nerves (eg, spinal accessory, facial 
nerves) by direct stimulation and to preserve them. 
If a nerve integrity monitor endotracheal tube is 
utilized, succinylcholine (or propofol with no relax-
ant) may be used to facilitate intubation. Moderate 
controlled hypotension may be helpful in limiting 
blood loss; however, cerebral perfusion may be com-
promised with moderate hypotension when a tumor 
invades the carotid artery or jugular vein (the latter 
may increase cerebral venous pressure). If head-up 

6
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780 SECTION III Anesthetic Management

  FIGURE 372     The  vagus nerve  (cranial nerve X) 
originates in the medulla oblongata and then ramifi es 
in the superior and inferior vagal ganglia in the neck. Its 
fi rst major branch is the pharyngeal plexus of the vagus. 
The  superior laryngeal nerve  divides into the external 
and internal laryngeal nerves. The  internal branch  
supplies sensory innervation of the laryngeal mucosa 
above the vocal cords, and the  external branch  innervates 
the inferior pharyngeal constrictor muscles and the 
cricothyroid muscle of the larynx. Cricothyroid muscle 
contraction increases the voice pitch by lengthening, 
tensing, and adducting the vocal folds. The superior 
laryngeal nerve is at risk of damage during operations 
of the anterior neck, especially thyroid surgery, and 
injury to this nerve may result in hoarseness and loss 

of vocal volume. The next branch of the vagus is the 
 recurrent laryngeal nerve , which innervates all of the 
muscles of the larynx except the cricothyroid, and is 
responsible for phonation and glottic opening. The 
recurrent laryngeal nerve runs immediately behind 
the thyroid gland and thus is the nerve of greatest risk 
for injury during thyroid surgery. Unilateral recurrent 
laryngeal nerve damage may result in vocal changes or 
hoarseness, and bilateral nerve damage may result in 
aphonia and respiratory distress. Inferior to this nerve, 
the vagus nerve provides autonomic motor and sensory 
nerve fi bers to the thoracic and abdominal viscera. 
(Reproduced, with permission, from Dillon FX: Electromyographic 

(EMG) neuromonitoring in otolaryngology-head and neck surgery. 

Anesthesiol Clin 2010;28:423).  
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  FIGURE 373      A:  The Medtronic Xomed NIM ®  
electromyographic (EMG) nerve integrity monitoring 
endotracheal tube. Succinylcholine (or no relaxant at 
all) should be used for intubation, and the tube should 
be secured in the midline. If lubricant is used, it must 
not contain local anesthetics.  B:  A slightly larger tube 
size should be used to facilitate mucosal contact with 

the electrodes, and the blue band of the NIM ®  tube 
must be positioned at the level of the vocal cords. 
 C:  Nerve integrity is continuously monitored via EMG 
activity (Medtronic Xomed NIM-Response ®  3.0 Nerve 
Integrity Monitor). Nondepolarizing muscle relaxants are 
contraindicated because they preclude EMG monitoring. 
(Redrawn and reproduced, with permission, from Medtronic Xomed.)  
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tilt is utilized, it is important that the arterial blood 
pressure transducer be zeroed at the level of the 
brain (external auditory meatus) in order to most 
accurately determine cerebral perfusion pressure. 
In addition, head-up tilt may increase the chance of 
venous air embolism. 

 Following reanastomosis of a microvascular 
free fl ap, blood pressure should be maintained at 
the patient’s baseline level. Th e use of vasoconstric-
tive agents (eg, phenylephrine) to maintain systemic 
blood pressure should be minimized because of 
potential decrease in fl ap perfusion due to vaso-
constriction. Similarly, the use of vasodilators (eg, 
sodium nitroprusside or hydralazine) should be 
avoided in order to minimize any decrease in graft  
perfusion pressure.  

  D. Transfusion 
 Transfusion decisions must balance the patient’s 
immediate surgical risks with the possibility of an 
increased cancer recurrence rate resulting from trans-
fusion-induced immune suppression. Rheological 
factors make a relatively low hematocrit (eg, 27% 
to 30%) desirable when microvascular free fl aps are 
performed. Excessive diuresis should be avoided dur-
ing microvascular-free fl ap surgery in order to allow 
adequate graft  perfusion in the postoperative period.  

  E. Cardiovascular Instability 
     Manipulation of the carotid sinus and stellate 
ganglion during radical neck dissection (the 

right side more than the left ) has been associated 
with wide swings in blood pressure, bradycardia, 
arrhythmias, sinus arrest, and prolonged QT inter-
vals. Infi ltration of the carotid sheath with local 
anesthetic will usually moderate these problems. 
Bilateral neck dissection may result in postoperative 
hypertension and loss of hypoxic drive due to dener-
vation of the carotid sinuses and carotid bodies.    

  MAXILLOFACIAL 
RECONSTRUCTION & 
ORTHOGNATHIC SURGERY 
 Maxillofacial reconstruction is oft en required to 
correct the eff ects of trauma (eg, LeFort fractures) 
or developmental malformations, for radical cancer 

7

surgeries (eg, maxillectomy or mandibulectomy), 
or for obstructive sleep apnea. Orthognathic pro-
cedures (eg, LeFort osteotomies, mandibular oste-
otomies) for skeletal malocclusion share many of the 
same surgical and anesthetic techniques. 

  Preoperative Considerations 
     Patients undergoing maxillofacial reconstruc-
tion or orthognathic surgical procedures oft en 

pose airway challenges. Particular attention should 
be focused on jaw opening, mask fi t, neck mobility, 
micrognathia, retrognathia, maxillary protrusion 
(overbite), macroglossia, dental pathology, nasal 
patency, and the existence of any intraoral lesions 
or debris. If there are any anticipated signs of prob-
lems with mask ventilation or tracheal intubation, 
the airway should be secured prior to induction of 
general anesthesia. Th is may involve fi beroptic nasal 
intubation, fi beroptic oral intubation, or tracheos-
tomy with local anesthesia facilitated with cautious 
sedation. Nasal intubation with a straight tube with 
a fl exible angle connector ( Figure 37–4A ) or a pre-
formed nasal RAE ®  ( Figure 37–4B ) tube is usually 
preferred in dental and oral surgery. Th e endotra-
cheal tube can then be directed cephalad over the 
patient’s forehead. With any nasal intubation, care 
should be taken to prevent the endotracheal tube 
from putting pressure on the tissues of the nasal 
opening, as this situation may result in local tissue 
pressure necrosis in the setting of a lengthy surgical 
procedure. Nasal intubation should be considered 
with caution in LeFort II and III fractures because 
of the possibility of a coexisting basilar skull fracture 
( Figure 37–5 ).    

  Intraoperative Management 
 Maxillofacial reconstructive and orthognathic sur-
geries can be lengthy and associated with substantial 
blood loss. An oropharyngeal (“throat”) pack is oft en 
placed to minimize the amount of blood and other 
debris reaching the larynx and trachea. Strategies to 
minimize bleeding include a slight head-up posi-
tion, controlled hypotension, and local infi ltration 
with epinephrine solutions. Because the patient’s 
arms are typically tucked at the side, two intrave-
nous lines may be established prior to surgery. An 
arterial line may be placed. If head-up tilt is utilized, 

8
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it is important that the arterial blood pressure trans-
ducer be zeroed at the level of the brain (external 
auditory meatus) in order to most accurately deter-
mine cerebral perfusion pressure. In addition, the 
anesthesia provider must be alert to the increased 
risk of venous air embolism in the setting of head-
up tilt. 

 Because of the proximity of the airway to the 
surgical fi eld, the anesthesiologist’s location is more 
remote than usual. Th is increases the likelihood of 
serious intraoperative airway problems, such as 
endotracheal tube kinking, disconnection, or perfo-
ration by a surgical instrument. Monitoring of end-
tidal CO 2 , peak inspiratory pressures, and breath 
sounds via an esophageal stethoscope assume 
greater importance in such cases. If the operative 
procedure is near the airway, the use of electocau-
tery or laser increases the risk of fi re. At the end of 
surgery, the oropharyngeal pack must be removed 
and the pharynx suctioned. Bloody debris is typi-
cally found during initial suctioning, but should 

diminish with repeat eff orts.     If there is a pos-
sibility of postoperative tissue edema involv-

ing structures that could potentially obstruct the 
airway (eg, tongue, pharynx), the patient should be 
carefully observed or left  intubated. In such uncer-
tain situations, extubation may be performed over 
an endotracheal tube exchanger (Cook Airway 
Exchange Catheter with Rapi-Fit ®  Adapter, Cook 
Medical), which can facilitate reintubation and pro-
vide oxygenation in the setting of immediate 

9

  FIGURE 374      A:  A regular straight endotracheal 
tube can be cut at the level of the nares, and a fl exible 
connector attached.  B:  Alternatively, a nasal RAETM tube 
has a preformed right-angle bend at the level of the nose 
so that the tube is directed over the forehead.  

A

B

I II III

 FIGURE 375  Diagrammatic representation of LeFort I, II, and III fractures. LeFort II and III fractures may coexist with a 
basilar skull fracture, a contraindication to nasal intubation.
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postextubation respiratory obstruction. In addition, 
the operating team should be prepared for emer-
gent tracheotomy or cricothyrotomy. Otherwise, 
extubation can be attempted once the patient is 
fully awake and there are no signs of continued 
bleeding. Patients with intermaxillary fi xation 
(eg, maxillomandibular wiring)  must  have suction 
and appropriate wire cutting tools continuously at 
the bedside in case of vomiting or other airway 
emergencies. Extubating a patient whose jaws are 
wired shut and whose oropharyngeal pack has not 
been removed can lead to life threatening airway 
obstruction.   

  EAR SURGERY 
 Frequently performed ear surgeries include sta-
pedectomy or stapedotomy, tympanoplasty, and 
mastoidectomy. Myringotomy with insertion of 
tympanostomy tubes is the most common pediatric 
surgical procedure and is discussed in Chapter 42. 

  Intraoperative Management 
  A. Nitrous Oxide 
 Nitrous oxide is not oft en used in anesthesia for ear 
surgery. Because nitrous oxide is more soluble than 
nitrogen in blood, it diff uses into air-containing 
cavities more rapidly than nitrogen (the major com-
ponent of air) can be absorbed by the bloodstream 
(see Chapter 8). Normally, changes in middle ear 
pressures caused by nitrous oxide are well tolerated 
as a result of passive venting through the eustachian 
tube. However, patients with a history of chronic 
ear problems (eg, otitis media, sinusitis) oft en suff er 
from obstructed eustachian tubes and may, on rare 
occasion, experience hearing loss or tympanic mem-
brane rupture from administration of nitrous oxide 
anesthesia. 

 During tympanoplasty, the middle ear is open to 
the atmosphere, and there is no pressure build-up. 
Once the surgeon has placed a tympanic membrane 
graft , the middle ear becomes a closed space. If 
nitrous oxide is allowed to diff use into this space, 
middle ear pressure will rise, and the graft  may 
be displaced. Conversely, discontinuing nitrous oxide 
aft er graft  placement will create a negative middle ear 
pressure that could also cause graft   dislodgment. 

10     Therefore, nitrous oxide is either entirely 
avoided during tympano plasty or discontinued 

prior to graft  placement. Obviously, the exact amount 
of time required to wash out the nitrous oxide 
depends on many factors,  including alveolar ven-
tilation and fresh gas fl ows (see Chapter  8), but 
15–30 min is  usually recommended.  

  B. Hemostasis 
 As with any form of microsurgery, even small 
amounts of blood can obscure the operating fi eld. 
Techniques to minimize blood loss during ear sur-
gery include mild (15°) head elevation, infi ltration 
or topical application of epinephrine (1:50,000–
1:200,000), and moderate controlled hypotension. 
Because coughing on the endotracheal tube during 
emergence (particularly during head bandaging) 
will increase venous pressure and may cause bleed-
ing (as well as increased middle ear pressure), deep 
extubation is oft en utilized.  

  C. Facial Nerve Identifi cation 
 Preservation of the facial nerve is an important 
consideration during some types of ear surgery (eg, 
resection of a glomus tumor or acoustic neuroma). 
During these cases, intraoperative paralysis with 
NMBs may confuse the interpretation of facial nerve 
stimulation and should not be used unless requested 
by the surgeon.  

  D. Postoperative Vertigo, 
Nausea and Vomiting 
 Because the inner ear is intimately involved with the 
sense of balance, ear surgery may cause postopera-
tive dizziness (vertigo) and postoperative nausea and 
vomiting (PONV). Induction and maintenance with 
propofol have been shown to decrease PONV in 
patients undergoing middle ear surgery. Prophylaxis 
with decadron prior to induction, and a 5-HT 3
blocker prior to emergence, should be considered. 
Patients undergoing ear surgery should be carefully 
assessed for vertigo postoperatively in order to mini-
mize the risk of falling during ambulation secondary 
to an unsteady gait.   

  Oral Surgical Procedures 
 Most minor oral surgical procedures are performed 
in a clinic or offi  ce setting utilizing local anesthesia, 
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augmented with varying degrees of oral or intrave-
nous sedation. If intravenous sedation is employed, 
or if the procedure is complex, a qualifi ed anesthesia 
provider should be present. Typically, a bite block 
and an oropharyngeal throat pack protect the airway. 
For light to moderate levels of sedation, the oropha-
ryngeal pack prevents irrigating fl uids and dental 
fragments from entering the airway. Deep sedation 
and general anesthesia require an increased level of 
airway control by the anesthesia provider. Regardless 
of whether deep sedation or general anesthesia is 
inadvertent or intended, appropriate equipment, 
supplies, and medications  must  be immediately 
available to help insure that any anticipated or unex-
pected anesthesia-related problem occurring in an 
offi  ce or clinic setting can be safely addressed with 
the same standard of care that is required in the hos-
pital or ambulatory surgery center. 

 Minor oral surgical procedures, such as exodon-
tias, typically last no more than 1 hr. Th e surgical 
fi eld is amenable to a nerve block or infi ltration by 
a local anesthetic. In adults, most oral surgeons use 
2% lidocaine with 1/100,000 epinephrine or 0.5% 
bupivacaine with 1/200,000 epinephrine in quanti-
ties no greater than 12 mL and 8 mL, respectively. 
Th e anesthesia provider must be informed by the 
surgeon of the local anesthetic used and its con-
centration and volume injected so that the allowed 
dosage based on weight is not exceeded. Pediatric 
patients, in particular, are at risk of local anesthesia 
toxicity due to an actual overdose or an accidental 
intravascular injection. 

 Intravenous sedation during oral surgical 
procedures greatly increases the patient’s com-
fort and facilitates surgery. A combination of fen-
tanyl (1–3 mcg/kg) and midazolam (20–50 mcg/
kg) is usually adequate prior to injection of the 
local anesthetic. Th e sedation can be further aug-
mented by additional small dosages of fentanyl, 
midazolam, or propofol. Propofol (20–30 mg is 
a typical incremental dose for an adult) is a good 
standby drug, if the surgeon requires a brief epi-
sode of unconsciousness. 

 Th ese techniques require a high level of coop-
eration and participation by both the surgeon 
and anesthesiologist. If there is the possibility of 
increased risk due to preexisting medical conditions, 

less than ideal airway, or extent of contemplated sur-
gical procedure, it is safer to perform the procedure 
in a hospital or ambulatory surgery center setting 
with general endotracheal anesthesia. 

  CASE DISCUSSION

Bleeding Following Sinus Surgery 
  A 50-year-old man has a paroxysm of cough-
ing in the recovery room while awakening fol-
lowing uneventful endoscopic sinus surgery. 
Immediately afterward, his respirations seem 
labored with a loud inspiratory stridor . 

  What is the diff erential diagnosis of inspiratory 
stridor? 

  The acute onset of inspiratory stridor in a post-
operative patient may be due to laryngospasm, 
laryngeal edema, foreign body aspiration, or vocal 
cord dysfunction .  Laryngospasm, an involuntary 
spasm of the laryngeal musculature, may be trig-
gered by blood or secretions stimulating the supe-
rior laryngeal nerve (see Chapter 19). Laryngeal 
edema may be caused by an allergic drug reac-
tion, hereditary or iatrogenic angioedema, or a 
traumatic intubation. Vocal cord dysfunction could 
be due to residual muscle relaxant eff ect, hypocal-
cemic alkalotic tetany, intubation trauma, or para-
doxical vocal cord motion (ie, hysterical stridor) .  

  Another paroxysm of coughing is accompanied 
by hemoptysis. What is your immediate 
management? 

  Bleeding after nose or throat surgery can 
be very serious. Patients who are not fully awake 
may continue to gag and cough on the secre-
tions, increasing venous pressure and worsen-
ing the bleeding. Furthermore, they may aspirate 
blood and other secretions. Fortunately, because 
of its physiological pH, aspiration of blood is not 
as serious as aspiration of acidic gastric contents. 
Nonetheless, the airway should be immediately 
secured in the obtunded patient. This may be 
accomplished with an awake intubation or a rapid-
sequence induction . 
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  Describe extubation. 

  Because this patient is still at risk of aspira-
tion, extubation should not be attempted until 
the patient has fully awakened and regained 
airway refl exes. Although it is desirable to limit 
coughing and “bucking” on the endotracheal 
tube during emergence, this may be diffi  cult to 
achieve in the awakening patient. Intravenous 
lidocaine (1.5 mg/kg) may be helpful in this 
situation .     

  SUGGESTED READING  
 Atkins JH, Mirza N: Anesthetic considerations and 

surgical caveats for awake airway surgery. Anesthesiol 
Clin 2010;28:555. 

 Biro P: Jet ventilation for surgical interventions in the 
upper airway. Anesthesiol Clin 2010;28:397. 

 Chi JJ, Mandel JE, Weinstein GS, et al: Anesthetic 
considerations for transoral robotic surgery. 
Anesthesiol Clin 2010;28:411. 

 Collins CE: Anesthesia for pediatric airway surgery: 
recommendations and review from a pediatric referral 
center. Anesthesiol Clin 2010;28:505. 

 Cordoba Amorocho MR, Sordillo A: Anesthesia for 
functional endoscopic sinus surgery: a review. 
Anesthesiol Clin 2010;28:497. 

 Dillon FX: Electromyographic (EMG) neuromonitoring 
in otolaryngology-head and neck surgery. Anesthesiol 
Clin 2010;28:423. 

 Dralle H, Sekulla C, Lorenz K, et al: Intraoperative 
monitoring of the recurrent laryngeal nerve in thyroid 
surgery. World J Surg 2008;32:1358. 

 Green JS, Tsui BCH: Applications of ultrasonography 
in ENT: airway assessment and nerve blockage. 
Anesthesiol Clin 2010;28:541. 

 Guay J: Regional anesthesia for carotid surgery. Curr 
Opin Anaesthesiol 2008;21:638. 

 Hillman DR, Platt PR, Eastwood PR: Anesthesia, sleep, 
and upper airway collapsibility. Anesthesiol Clin 
2010;28:443. 

 Jourdy DN, Kacker A: Regional anesthesia for offi  ce-
based procedures in otorhinolaryngology. Anesthesiol 
Clin 2010;28:457. 

 Liang S, Irwin MG: Review of anesthesia for middle ear 
surgery. Anesthesiol Clin 2010;28:519. 

 Lu I-C, Chu K-S, Tsai C-J, et al: Optimal depth of 
NIM EMG endotracheal tube for intraoperative 

  If the patient is awake and alert enough to 
cough and swallow and does not seem to be aspi-
rating blood, the fi rst priority should be to decrease 
the bleeding as quickly as possible. Immediate 
measures that should be considered include 
raising the head of the bed to decrease venous 
and arterial pressures at the site of bleeding and 
aggressively treating any degree of systolic hyper-
tension with intravenous antihypertensive agents. 
Sedation should be avoided so that airway refl exes 
are not compromised .  

  Despite these measures, the bleeding continues, 
and surgical intervention seems to be necessary. 
Describe your strategy for induction of 
anesthesia in this patient. 

  Before induction of general anesthesia in a 
bleeding patient, hypovolemia should be cor-
rected with isotonic crystalloid, or colloid if the 
patient does not respond to crystalloid. The degree 
of hypovolemia is diffi  cult to assess because 
much of the blood may be swallowed, but it may 
be estimated by changes in vital signs, postural 
hypotension, and hematocrit. Cross-matched 
blood should be readily available, and a second 
large-bore intravenous line secured. It must be 
appreciated that from an anesthetic standpoint, 
this is an entirely diff erent patient than the one 
who presented for surgery initially: the patient 
now has a full stomach, is hypovolemic, and may 
prove to be a more diffi  cult intubation . 

  The preferred technique in this patient is a 
rapid-sequence induction with cricoid pressure. 
Drug choice (eg, ketamine, etomidate) and dosage 
should anticipate the possibility of hypotension 
from persistent hypovolemia. Qualifi ed person-
nel and appropriate equipment for an emergency 
tracheostomy should be immediately available. An 
orogastric tube should be passed to decompress 
the stomach .  

  Which arteries supply blood to the nose? 

  The arterial supply of the nose is provided 
by the internal maxillary artery and the anterior 
ethmoid artery. These may have to be ligated in 
uncontrollable epistaxis .  
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