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c H A P T e r 

 1 Orthopedic surgery is well suited to neuraxial and peripheral 
regional anesthetic techniques. Improved surgical outcomes 
have increased their popularity.

 2 The frequency of neurologic injuries following scoliosis 
correction is approximately 1%, with half of these resulting in 
partial or complete paraplegia. Neurophysiologic monitoring and 
the wake-up test are often used to monitor spinal cord integrity.

 3 Orthopedic procedures are frequently associated with signiicant 
blood loss. The anesthesiologist must be proicient at blood 
salvage techniques, induced hypotension, and normovolemic 
hemodilution to decrease blood loss and transfusion require-
ments.

 4 Visual changes, including blindness, may occur following 
major spine surgery.

 5 Multimodal analgesia protocols are effective in decreasing 
opioid consumption and opioid-related side effects following 
orthopedic surgical procedures.

 6 Proper positioning for orthopedic procedures is paramount 
to providing optimal surgical conditions, as well as avoiding 
potential stretch and compression injuries.

 7 Neuraxial and peripheral continuous blockades improve 
surgical outcome, including increased joint range of motion and 
decreased hospital stay, following total joint replacement.

 8 Orthopedic patients are at high risk for thromboembolic 
complications, with the highest risk reported among hip fracture 
patients.

 9 Regional anesthetic techniques reduce the risk of throm-
boembolism. However, they do not replace the need for 
pharmacologic prophylaxis.

 10 Thromboprophylaxis may result in neuraxial or perineural 
bleeding in patients who have undergone regional blockade.

Ke y Points

Mult imedia
 1 Scoliosis

 2 Brachial Plexus Injury

 3 Prone Position

 4 Prone Position Facial

 5 Interscalene Block

 6 Ankle Block
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Perioperative management of the patient undergoing orthope-
dic surgery involves knowledge of the speciic orthopedic surgi-
cal techniques, including duration, extent, predicted blood loss, 
and associated complications (including nerve injury). Regional 
anesthetic techniques allow both intraoperative surgical anesthe-
sia and postoperative analgesia, creating a further subspecialty 
within orthopedic anesthesia. Another vitally important part 
of orthopedic anesthesia is patient positioning. Experience and 
knowledge in positioning the patient are required to produce 
optimal surgical conditions and avoid potential injuries. Like-
wise, because orthopedic procedures are frequently associated 
with major blood loss, the orthopedic anesthesiologist must be 
experienced in techniques that decrease these risks, able to use 
intraoperative hypotension and blood salvage techniques, and 
able to manage transfusion-related complications.

Orthopedic surgical patients usually require early mobiliza-
tion and rehabilitation, both of which can be expedited by appro-
priate selection of anesthetic techniques and management of 
postoperative analgesia. A multimodal approach, often utilizing 
continuous neuraxial or peripheral neural infusions, is associ-
ated with enhanced recovery and improved functional outcome. 
However, patients undergoing major orthopedic surgery are at 
risk for venous thromboembolism. Knowledge of the current 
pharmacologic and mechanical methods of thromboprophylaxis 
is required to prevent the occurrence of these thromboembolic 
complications, while potential interactions between anticoagu-
lants and anesthetic drugs or regional anesthetic techniques must 
be thoroughly understood to reduce the risk of perioperative 
bleeding and neurologic injury for expanding hematomas.

PreoPerative assessment

The anesthesiologist’s preoperative assessment is crucial to the 
formulation and execution of the anesthetic plan. The patient 
must be evaluated for pre-existing medical problems, previous 
anesthetic complications, potential airway dificulties, and con-
siderations relating to intraoperative positioning.

Progression of cardiac symptoms and exercise tolerance in 
patients with a history of coronary artery disease may be dificult to 
assess because of the limitations in mobility induced by the under-
lying orthopedic condition. As a result, pharmacologic functional 
cardiovascular testing may be warranted. Overall, patients under-
going orthopedic procedures are considered at intermediate risk 
for cardiac complications perioperatively. Perioperative cardiac 
morbidity may be decreased by the initiation of b-blockade in 
selected patients.1

Many patients undergoing orthopedic surgery have rheumatoid 
arthritis. Systemic manifestations of this disease include pulmo-
nary, cardiac, and musculoskeletal involvement. Particularly sig-
niicant to the anesthesiologist is involvement of the cervical spine, 
temporomandibular joint, and larynx. Rheumatoid involvement 
of the cervical spine may result in limited neck range of motion, 
which interferes with airway management. Atlantoaxial instability, 
with subluxation of the odontoid process, can lead to spinal cord 
injury during neck extension. Patients with rheumatoid arthritis 
are often receiving chronic steroid therapy and may require peri-
operative steroid replacement.

The patient’s medications should be reviewed and the patient 
instructed which medications to continue until the time of sur-
gery. Speciically, antihypertensive medications and chronic opi-
oid therapy should not be discontinued. Patients taking opioids 
for a period of greater than 4 weeks often develop tolerance and 
opioid-induced hyperanalgesia, although there can be signiicant 

patient variability.2 The patient should also be queried regarding 
the use of hemostasis-altering drugs; many patients are instructed 
by their surgeon to begin thromboprophylaxis with aspirin or 
warfarin preoperatively. Likewise, patients with cardiac-stents 
may require maintenance of their antiplatelet medications.3

Preoperative evaluation should include a focused physical 
examination. Patients should be assessed for limitation in mouth 
opening or neck extension, adequacy of thyromental distance, and 
state of dentition. The heart and lungs should be auscultated. In 
addition, the proposed site of needle placement for regional anes-
thesia should be assessed for evidence of infection and anatomic 
abnormalities or limitations. A brief neurologic examination, with 
documentation of any pre-existing deicits, is crucial. At this time, 
the patient should also be evaluated for any potential positioning 
dificulties related to arthritic involvement of other joints or body 
habitus.

Hemoglobin and creatinine values are determined for all 
patients undergoing major procedures; other laboratory and imag-
ing studies are performed as indicated by preoperative medical 
conditions. Ideally, the patient should undergo a preoperative edu-
cational session in which the surgical procedure, anesthetic/analgesic 
options, and the postoperative rehabilitative plan are described.

selection of anesthetic 

technique

Many orthopedic surgical procedures, because of their localized 
peripheral site, lend themselves to regional anesthetic techniques. 
Neural structures may be blocked at the peripheral nerve, plexus, 
or neuraxial level. Regional anesthetics offer several advan-
tages over general anesthetics among these patients, including 
enhanced rehabilitation, more rapid hospital dismissal, improved 
postoperative analgesia, decreased incidence of nausea and vom-
iting, less respiratory and cardiac depression, improved perfusion 
via sympathetic block, reduced blood loss, and decreased risk of 
thromboembolism. It is important to explain these beneits and 
encourage regional anesthesia when appropriate. The speciic 
regional technique and local anesthetic solution used depend on 
a variety of factors, including duration of surgery, duration of 
postoperative analgesia, degree of sensory/motor block required 
to allow rehabilitation/ambulation, and indication for postopera-
tive sympathectomy. Likewise, any patient who has an absolute 
contraindication to regional anesthesia (patient refusal, infec-
tion at the site of needle placement, systemic coagulopathy) is a 
candidate for general anesthesia. Importantly, a contraindication 
may often exist for neuraxial blockade, but more distal periph-
eral techniques remain appropriate. For example, a femoral nerve 
catheter may be maintained in the setting of thromboprophylaxis 
with low–molecular-weight heparin (LMWH), while an epidural 
catheter should be removed prior to initiation of LMWH ther-
apy.4 The relative risks and beneits of regional and general anes-
thesia are discussed in the following sections.

surgery to the sPine

spinal cord injuries

Spinal injury occurs at a rate of 11,000 cases per year (see also 
Chapter 36). Approximately half of these are at the cervical level. 
The examination of a person with a suspected spinal cord injury 
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begins with a prompt neurologic examination and a rapid assess-
ment for possible injury to other systems. Cervical injuries are 
frequently associated with head injury, thoracic fractures with 
pulmonary and cardiovascular injury, and lumbar fractures with 
abdominal and long-bone injuries. The patient should be exam-
ined immediately for signs of respiratory insuficiency, airway 
obstruction, rib fractures, and chest wall or facial trauma.

Serial neurologic examination is necessary to assess the function 
of the spinal cord above the level of the fracture. The ifth cervical 
segment is perhaps the most important in providing clinical evi-
dence of cervical spinal injury. This segment controls motor func-
tion of the deltoid, biceps, brachialis, and brachioradialis muscles. 
If these muscles are laccid, the ifth cervical nerve is involved, and 
there will be partial diaphragmatic paralysis. A complete lesion at 
the fourth cervical segment is not compatible with survival unless 
artiicial respiration is initiated. Spinal shock occurs acutely and 
results in complete cessation of spinal cord functions below the 
level of the lesion. This results in laccid paralysis, loss of visceral 
and somatic sensation, and paralytic ileus. Vasopressor relexes are 
also lost. Spinal shock may persist from a few days to 3 months.

Surgical treatment of spinal cord injuries is based on the pres-
ence or absence of neurologic function and the radiographic 
evaluation of vertebral displacement and instability. Patients 
with unstable spines who are not quadriplegic or paraplegic may 
become so during transport or positioning for surgery.

Tracheal intubation

Airway management is critical in patients with cervical spinal 
cord injury. The most common cause of death with acute cervical 
spinal cord injury is respiratory failure. All patients with severe 
trauma or head injuries should be assumed to have an unstable 
cervical fracture until proven otherwise radiographically. During 
transport, the patient should be moved on a rigid board with the 
neck immobilized to prevent further injury. Awake iberoptic-
assisted intubation may be necessary, with general anesthesia 
induced only after voluntary upper and lower extremity move-
ment is conirmed. Blind nasotracheal intubation may be used 
if there is no evidence of facial or basal skull fractures. In a truly 
emergent situation, oral intubation with direct laryngoscopy is 
the usual approach. The trachea should be intubated with mini-
mum lexion or extension of the neck.

respiratory considerations

Ventilatory impairment increases with higher levels of spinal 
injury. A high cervical lesion that includes the diaphragmatic seg-
ments (C4 to C5) results in respiratory failure, and death occurs 
unless artiicial pulmonary ventilation is used. Lesions between C5 
and T7 cause signiicant alterations in respiratory function, owing 
to the loss of abdominal and intercostal support. The indrawing of 
laccid thoracic muscles during inspiration produces paradoxical 
respirations, resulting in a vital capacity reduction of 60%. Inabil-
ity to cough and effectively clear secretions results in atelectasis 
and infection.

cardiovascular considerations

During spinal shock, there is loss of sympathetic vascular tone 
below the injury. If the cardioaccelerator ibers (T1 through T4) 
are damaged, bradycardia results. Therefore, hemorrhagic shock 
may not produce a compensatory tachycardia in these patients; 
the rate may remain at 40 to 60 beats per minute. Monitoring 
of central venous or pulmonary artery pressures may be neces-
sary for luid management in a patient with a high cervical lesion. 

Autonomic instability should be treated with vasoconstrictors, 
vasodilators, and positive chronotropic drugs as needed.

succinylcholine-induced Hyperkalemia

Hyperkalemia may develop after administration of succinylcho-
line to a patient with spinal cord injury. The amount of potassium 
released depends on the extent of the patient’s motor deicit. It is 
considered safe to administer succinylcholine for the irst 48 hours. 
After that time, there is a proliferation of acetylcholine receptors in 
the muscle, and they become supersensitive to depolarizing muscle 
relaxants.5 The increases in serum potassium are maximal between 
4 weeks and 5 months after spinal injury. Serum potassium levels 
may increase from normal to as high as 14 mEq/L, causing ventric-
ular ibrillation or cardiac arrest. Therefore, succinylcholine should 
be avoided in all spinal cord–injured patients after 48 hours. There 
are no contraindications to the nondepolarizing agents.

Temperature control

Disruption of the sympathetic pathways carrying temperature 
sensation, and subsequent loss of vasoconstriction below the 
level of injury, causes spinal cord–injured patients to be poiki-
lothermic. Maintenance of normal temperature can be achieved 
by applying exogenous heat to the skin, increasing ambient air 
temperature, warming intravenous luids, and humidifying gases.

Maintaining spinal cord integrity

All patients with spinal cord trauma should be considered to have 
compromised spinal cords, and an important component of anes-
thetic management is the preservation of spinal cord blood low. 
Blood pressure and intravascular volume should be maintained 
within normal levels to ensure adequate spinal cord perfusion 
pressure. Sustained hypotension may worsen neurologic deicits. 
Hyperventilation should be avoided because hypocarbia decreases 
spinal cord blood low. These considerations, as well as spinal 
cord monitoring, are discussed in detail later in this chapter.

Autonomic Hyperreflexia

After recovery from spinal shock, 85% of patients exhibit auto-
nomic hyperrelexia when there has been complete cord transec-
tion above T5. The syndrome, which can also occur with injuries 
at lower levels, is characterized by severe paroxysmal hypertension 
with bradycardia (baroreceptor relex), dysrhythmias, and cuta-
neous vasoconstriction below, and vasodilation above, the level 
of the injury. The episode is typically precipitated by distention of 
the bladder or rectum, but can be induced by any noxious stimu-
lus. Many patients with spinal injuries and autonomic hyperre-
lexia will report characteristic headaches with bladder distention. 
The lack of supraspinal inhibition allows the sympathetic outlow 
below the lesion to react to the stimulus unopposed. If autonomic 
hyperrelexia occurs, it should be treated by removal of the stim-
ulus, deepening anesthesia, and administration of direct-acting 
vasodilators. Untreated, the hypertensive crisis may progress to 
seizures, intracranial hemorrhage, or myocardial infarction.

scoliosis

Scoliosis is a deformity of the spine resulting in lateral curvature 
and rotation of the vertebrae, as well as deformity of the rib cage 
(Fig. 50-1). The incidence of scoliosis predominantly relects the 
incidence of idiopathic scoliosis, which represents 75% to 90% 
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of cases. The remaining 10% to 25% of cases are associated with 
neuromuscular diseases and congenital abnormalities, includ-
ing congenital heart disease, trauma, and mesenchymal disor-
ders. The severity of scoliosis is deined by the angle of scoliosis 
or Cobb angle. Surgical correction is performed for Cobb angles 
>50 degrees, with the intent of halting, not reversing, progression 
of respiratory and cardiac dysfunction. Likewise, quality of life is 
improved, but only modestly.

Figure 50-1. Deformity of the vertebrae and rib cage in scoliosis. 
Primary curvature occurs most frequently in the thoracic and lumbar re-
gions. The vertebral bodies are wedge-shaped, and the posterior angles 
of the ribs are shallow on the side of concavity. On the convex side, the 
rib angles are more acute. (Reprinted from: Horlocker TT, Cucchiara 
RF, Ebersold MJ. Vertebral column and spinal cord surgery. In: Cucchi-
ara RF, Michenfelder JD, eds. Clinical Neuroanesthesia. New York, NY: 
Churchill Livingstone; 1990:325, with permission.)

Pulmonary considerations

Scoliosis has profound effects on the respiratory and cardiovascu-
lar systems (Fig. 50-2).  In patients with untreated scoliosis, respi-
ratory failure and death usually occur by 45 years of age. Vital 
capacity appears to be a reliable prognostic indicator of periop-
erative respiratory reserve. Postoperative ventilation will most 
likely be required for patients with a vital capacity <40% of pre-
dicted. Although the long-term effect of scoliosis repair is to halt 
the decline in respiratory function, pulmonary function acutely 
deteriorates for 7 to 10 days after surgery.

The primary abnormality in gas exchange is ventilation– 
perfusion maldistribution, which contributes to hypoxemia. 
However, hypercapnia develops with increasing age as com-
pensatory mechanisms fail. Prolonged hypoxia, hypercapnia, 
and pulmonary vascular constriction may result in irreversible  
pulmonary vascular changes and pulmonary hypertension. In 
general, the prognosis of scoliosis associated with neuromuscular 
disease is worse than that of idiopathic scoliosis. These patients 
frequently need postoperative ventilatory support.

cardiovascular considerations

Cardiovascular function is also affected in patients with scoliosis. 
At autopsy, these patients exhibit right ventricular hypertrophy 
and hypertensive pulmonary vascular changes. Prolonged alveo-
lar hypoxia due to hypoventilation and ventilation–perfusion 
mismatch eventually causes irreversible vasoconstriction and pul-
monary hypertension. Scoliosis is also associated with congeni-
tal heart conditions, including mitral valve prolapse, coarctation 
of the aorta, and cyanotic heart disease, suggesting a common 
embryonic insult or collagen defect.

surgical Approach and Positioning

The prone position is used for the posterior approach to the spine 
(see also Chapter 28). Pressure points should be carefully pad-
ded. An orthopedic frame, such as the Jackson table or Wilson 
frame, can be used to free the chest and abdomen. In correct prone 
positioning for thoracolumbar spine surgery, the head is turned, 
the neck is slightly lexed, and the arms are anteriorly lexed and 
abducted to reduce tension on the brachial plexus (Fig. 50-3). Alter-
natively, the head may remain in the neutral position, supported 
by a foam headrest or a skull holder with pins. If only one arm is 
abducted, the head should be laterally rotated toward the ipsilateral  
arm to prevent stretch injury to the brachial plexus.  Because rota-
tion of the neck in patients with cervical spondylosis may alter 
carotid or vertebral circulation and compromise the spinal cord, 
patients should be evaluated for neck pain or neurologic symptoms 
with neck rotation before surgery. The chest and iliac crest are sup-
ported by chest rolls or other supports to leave the abdomen free. 
Breasts should be positioned medially to avoid traumatic injury. 
The dependent ear and eye should be checked frequently during 
surgery to avoid injury and ischemia. Necrosis of the dependent 
ear cartilage may occur if the pinna is doubled back on itself. Eyes 
should be taped closed to avoid corneal abrasion, which occurs in 
the dependent eye with a frequency of 0.17%.6

The anterior approach to the thoracolumbar spine is achieved 
with the patient in the lateral position, usually with the convexity 
of the curve uppermost. Removal of one or more ribs may be nec-
essary for adequate surgical exposure. Likewise, placement of a 
double-lumen endotracheal tube, with collapse of the lung on the 
operative side, may be required for surgery above T8. Thus, the 
thoracolumbar approach for anterior spinal fusion may be associ-
ated with more postoperative respiratory insuficiency than pos-
terior fusion because of lung and diaphragmatic manipulation.

1
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Combined anterior and posterior spinal procedures yield 
higher union rates and greater correction in patients undergoing 
scoliosis correction. It remains unclear whether these two major 
procedures should be performed on the same day or whether the 
posterior fusion should be delayed to allow the patient to recover 
from the anterior (irst) procedure. Furthermore, the actual tim-
ing of the second procedure remains controversial. Although the 
degree of correction and the arthrodesis rates are similar for one- 
or two-stage procedures, the morbidity and number of complica-
tions, such as increased blood loss and transfusion requirements, 
decreased nutritional parameters, and longer hospital stays, may 
be increased for staged procedures.7 However, these results are 
not consistent.8 Because the risk of signiicant complications is 
present with either same-day or staged anterior–posterior fusion, 
prospective studies are needed to clarify this issue.

Anesthetic Management

The primary aim of preoperative evaluation of patients with sco-
liosis is to detect the presence and extent of cardiac or pulmonary 
compromise. Respiratory reserve is assessed by exercise tolerance, 
vital capacity, and arterial blood gases. Cardiac studies are per-
formed as indicated to optimize preoperative cardiovascular sta-

tus. A brief neurologic examination will document pre-existing 
neurologic deicits. Finally, cervical mobility and upper airway 
anatomy are assessed to discover any potential airway or posi-
tioning dificulties.

Anesthetic considerations for surgical correction of scoliosis by 
spinal fusion and instrumentation include management of a patient 
in the prone position, hypothermia secondary to a long procedure 
with an extensive exposed area, and replacement of blood and 
luid losses, which may be extensive.9 More recently, attention has 
been focused on the maintenance of spinal cord integrity, preven-
tion and treatment of venous air embolism (VAE), and reduction 
of blood loss through hypotensive anesthetic techniques.

Adequate hemodynamic monitoring and venous access are 
essential in the management of patients undergoing spinal fusion 
and instrumentation. The radial artery is cannulated for direct 
blood pressure measurement and assessment of blood gases. A 
central venous catheter is helpful in evaluating blood and luid 
management and can be used to aspirate air if VAE occurs. 
Patients with evidence of pulmonary hypertension, or severe 
coexistent cardiovascular or pulmonary disease, may require a 
pulmonary artery catheter.

Degenerative Vertebral column Disease

Spinal stenosis, spondylosis, and spondylolisthesis are all forms 
of degenerative vertebral column disease. It is not unusual for 
more than one of these degenerative changes in the spine to occur 
concomitantly, leading to a more rapid progression of neurologic 
symptoms and the need for surgical intervention.

surgical Approach and Positioning

Cervical laminectomy is performed in the prone, lateral, or sit-
ting position, whereas thoracolumbar laminectomy is usually 
performed prone.  Considerations for positioning a prone patient 
have been previously discussed (see also Chapter 28). Patients 
undergoing cervical laminectomy should be assessed before 
surgery for cervical range of motion and the presence of neuro-
logic symptoms during lexion, extension, or rotation. With the 
anterior approach, the surgical incision approximates the ante-
rior border of the sternocleidomastoid muscle and is therefore 
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Figure 50-2. The factors in idiopathic scoliosis that con-
tribute to respiratory function abnormalities and failure. 
VD, dead space volume; VT, tidal volume; AaDO2, alveo-
lar to arterial oxygen gradient. (Reprinted from: Kafer ER.  
Respiratory and cardiovascular functions in scoliosis. Bull 
Eur Physiopathol Respir. 1977;13:299, with permission.)

figure 50-3. Prone position. The head is turned with the dependent 
ear and eye being protected from pressure. Chest rolls are in place, the 
arms are brought forward without hyperextension, and the knees are 
flexed. (Reprinted from: Horlocker TT, Cucchiara RF, Ebersold MJ. Ver-
tebral column and spinal cord surgery. In: Cucchiara RF, Michenfelder 
JD, eds. Clinical Neuroanesthesia. New York, NY: Churchill Livingstone; 
1990:325, with permission.)
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near critical anatomic structures. Lateral retraction of the carotid 
artery may endanger blood low to the brain, particularly in the 
elderly patient. Retraction of the esophagus and trachea medially 
may cause pharyngeal laceration, laryngeal edema, and recurrent 
laryngeal nerve paralysis. Cerebrospinal luid leaks and trauma to 
the vertebral artery have also been reported.

In the sitting position for cervical laminectomy, blood lows 
away from the site of operation, producing a clear operative ield 
and better surgical exposure. In this position, the patient sits with 
head, arms, and chest supported. The patient must be carefully 
positioned and the dependent areas must be padded to prevent 
compression injuries to nerves and skin. Extreme cervical lex-
ion may obstruct the airway. Hypotension can be minimized by 
gradual attainment of the sitting position. A disadvantage of the 
sitting position is the increased occurrence of VAE. Although the 
incidence of VAE in sitting posterior fossa cases is 40%, the inci-
dence is only 5% to 25% in sitting cervical spine procedures.10

Recently, surgical advances have made it possible to perform 
minimally invasive surgery (MIS) procedures with smaller inci-
sions and decreased soft tissue trauma. MIS techniques can be 
classiied as endoscopic or nonendoscopic (mini-open). Although 
endoscopic approaches decrease some approach morbidities, 
they are associated with high instrumentation cost, steep learn-
ing curves, and new complication proiles.11,12 Furthermore, the 
high costs have not been shown to be justiied by superior clinical 
beneits. Nonendoscopic MIS approaches use direct visualization 
and standard operative techniques and report lower complication 
rates, reduced length of stay, and faster recovery time. Although 
certain MIS procedures may produce early cost beneits, longer 
follow-up, better outcome, and cost data are needed to determine 
if MIS techniques are cost effective compared to open or nonsurgi-
cal interventions.11

Anesthetic Management

Either general or neuraxial anesthesia may be safely administered 
for relatively uncomplicated lower thoracic and lumbar spine 
surgery; a randomized trial in 2009 concluded that general anes-
thesia was associated with higher surgeon satisfaction and less 
nausea and vomiting.13 General anesthesia is preferred for essen-
tially all thoracic and cervical procedures because of the high spi-
nal level that would be required with a regional technique. Gen-
eral anesthesia ensures airway access, is associated with greater 
patient acceptance, and can be used for prolonged operations. 
Succinylcholine should be avoided if there are progressive neu-
rologic deicits.

spinal cord Monitoring

Paraplegia is one of the most feared complications of major spine 
surgery (see also Chapter 36). The incidence of neurologic inju-
ries associated with scoliosis correction is 1.2%, with partial or 
complete paraplegia occurring in half the cases. When patients 
awaken paraplegic, neurologic recovery is unlikely, although 
immediate removal of instrumentation improves the prognosis. 
It is therefore essential that any intraoperative compromise of 
spinal cord function be detected as early as possible and reversed 
immediately. The two methods developed to accomplish this are 
the wake-up test and neurophysiologic monitoring.

The wake-up test, irst described by Vauzelle et al.,14 consists 
of the intraoperative awakening of patients after completion of 
spinal instrumentation. Surgical anesthesia is typically provided 
with a balanced technique of nitrous oxide, a volatile drug, and 
opioids, although use of opioids with a short-acting volatile anes-

2

thetic (e.g., sevolurane), or an infusion of propofol, is also pos-
sible. The opioids are important to provide analgesia while the 
patient is awake and to permit the patient to tolerate the endo-
tracheal tube. During the 30 to 45 minutes before intraoperative 
wake-up, the volatile anesthetic, or propofol, and muscle relax-
ants are discontinued and the patient is allowed to awaken gradu-
ally. The patient is addressed by name and asked to move both 
hands, and after a positive response, both feet. Patients usually 
respond within 5 minutes. If there is satisfactory movement of 
the hands, but not the feet, the distraction on the rod is released 
one notch, and the wake-up test repeated. Although recall of the 
event occurs in only 0% to 20% of patients and is rarely viewed as 
unpleasant,15 it is important to describe to the patient before sur-
gery what will transpire so that anxiety will be minimized should 
the patient be fully aware during the wake-up. It is extremely 
rare for a patient who was neurologically intact when awakened 
during surgery to have a neurologic deicit on completion of 
the procedure. However, certain hazards of the wake-up test do 
exist and include recall, pain, air embolism, dislocation of spinal 
instrumentation, and accidental tracheal extubation or removal 
of intravenous and arterial lines.

An adjunct or alternative to the wake-up test is neurophysi-
ologic monitoring. Somatosensory stimulation follows the dor-
sal column pathways of proprioception and vibration: Pathways 
supplied by the posterior spinal artery. Accordingly, the motor 
pathway, which is supplied by the anterior spinal artery, is not 
addressed by monitoring somatosensory evoked potentials (SSEP). 
High concentrations of inhaled agents cannot be used when moni-
toring SSEP. Motor evoked potentials (MEP), in contrast, monitor 
motor pathways but are technically more dificult to use. Muscle 
relaxants cannot be used in patients having MEP monitoring. If 
both SSEP and MEP are to be monitored during spine surgery, 
one might consider providing anesthesia with an ultrashort-acting 
opioid infusion with a low-dose inhaled anesthetic and monitor-
ing of the electroencephalogram or bispectral index to minimize 
the potential for intraoperative awareness. It is of critical impor-
tance to note that postoperative paraplegia has occurred despite 
preservation of intraoperative SSEPs. Combined use of MEPs and 
SSEPs may increase the early detection of spinal cord ischemia.9,16

Acute alterations in SSEP amplitude or latency signify spinal 
cord compromise and may be the result of direct trauma, isch-
emia, compression, or hematoma. If changes occur, it is recom-
mended that surgery be discontinued, blood pressure returned to 
normal or 20% above normal, and volatile agents decreased or dis-
continued. Arterial blood gases may be drawn to rule out a meta-
bolic derangement. If the waveform does not return to normal, the 
surgeon should release distraction on the cord. A wake-up test is 
often performed at this time to deinitely exclude neurologic dei-
cits. In addition to neural injury, SSEPs are altered by volatile anes-
thetics, hypercarbia, hypoxia, hypotension, and hypothermia.17,18

Blood loss

The rate of transfusion in adult spine surgery ranges from 50% 
to 81%.19 Most of the blood loss in spinal instrumentation and 
fusion occurs with decortication and is proportional to the num-
ber of vertebral levels decorticated.20 Measures to decrease blood 
loss and transfusion requirements during major spine surgery 
have traditionally included preoperative autologous donation, 
proper positioning and the use of intraoperative blood salvage, 
induced hypotension, intraoperative normovolemic hemodilu-
tion, and the administration of antiibrinolytics (aprotinin and 
tranexamic acid), although reported results are inconsistent.21–23 
Recent systematic reviews have concluded that good evidence 
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exists consistently for positioning and use of tranexamic acid.19,24 
However, the safety of antiibrinolytics is not fully known. While 
tranexamic acid is currently recommended in the adult popu-
lation, optimal dosing has yet to be determined in pediatric 
patients.25 Importantly, the FDA has suspended aprotinin use on 
the basis of safety data in the cardiac literature.19,24

Patients undergoing major spine surgery may acquire a peri-
operative coagulopathy from dilution of coagulation factors and/
or platelets or ibrinolysis. The mechanisms of coagulopathy 
and the role of coagulation testing during these procedures are 
poorly deined. However, it appears that a signiicant deviation 
from normal values of either the prothrombin time or the acti-
vated partial thromboplastin time is predictive of bleeding and 
may be used to guide transfusion therapy.26 Another rare cause of 
bleeding during spine surgery is trauma to the aorta, vena cava, 
or iliac vessels. Unexplained hypotension or signs of hypovolemia 
without obvious blood loss should alert the anesthesiologist to 
this possibility.

Visual loss after spine surgery

In the 1990s, cases of unilateral and bilateral blindness were 
reported after spine surgery.27–29 The diagnoses included optic 
neuropathy, retinal artery occlusion, and cerebral ischemia. Most 
cases were associated with complex instrumented fusions28; many 
cases were associated with signiicant (prolonged) intraoperative 
hypotension, anemia, large intraoperative blood loss, and pro-
longed surgery.29 However, these conditions are present during 
many major spine procedures without visual sequelae.

Ischemic optic neuropathy was the most common cause of 
visual loss after spine surgery and accounted for 83 of 93 spine 
surgery cases.30 Using a case control design with multivariate 
analysis, the American Society of Anesthesiologists Visual Loss 
Study Group’s risk factors for ischemic optic neuropathy after 
spinal surgery included male sex, obesity, Wilson frame use, anes-
thetic duration, increased blood loss, and the use of non-colloid 
for luid replacement.31 Using this model, the only preoperative 
factor that is modiiable is surgical frame selection. In addition, 
anesthesiologists may use these results to guide luid administra-
tion. It is also recommended that the risk of visual loss should be 
considered in the preoperative discussion for patients undergoing 
lengthy spine surgery in the prone position.

Venous Air embolus

VAE is a catastrophic event that may occur during spine surgery. 
The large amount of exposed bone and the elevated location 
of the surgical incision relative to the heart predispose to VAE. 
Capnography, mass spectrometry, and precordial Doppler are 
noninvasive, yet effective, in detecting VAE. VAE can occur in 
all positions associated with laminectomies because the wound is 
above the cardiac level. Incidences of VAE (deined by aspiration 
of air through a central venous catheter) in patients undergoing 
neurosurgical procedures in the sitting, supine, prone, and lat-
eral positions are 25%, 18%, 10%, and 8%, respectively.10 The 
actual incidence of VAE in spine surgery is unknown; however, 
poor neurologic recovery is often reported.32 The presenting sign 
is often unexplained hypotension and an increase in the end-tidal 
nitrogen concentration, or a precipitous fall in the end-tidal CO2 
concentration. The anesthesiologist, therefore, should be aware 
of the possibilities of VAE because prompt diagnosis and treat-
ment increase patient survival. If VAE is suspected, the wound 
should be irrigated with saline, nitrous oxide discontinued, and 
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vasopressors administered. Massive embolism may necessitate 
turning the patient supine and initiating cardiopulmonary resus-
citation.

Postoperative care

Most patients undergoing surgery to the spine can be extubated 
immediately after the operation if the procedure was relatively 
uneventful and preoperative vital capacity values were acceptable. 
Residual opioid or muscle relaxant may lead to hypoventilation 
or apnea, especially in patients with an associated neuromuscular 
disease. Some patients who have experienced considerable blood 
loss and who have received large amounts of intravenous luids, 
particularly if they were prone, may have severe facial edema 
that renders immediate tracheal extubation unwise. Aggressive 
postoperative pulmonary care, including incentive spirometry, is 
necessary to avoid atelectasis and pneumonia. Continued hem-
orrhage in the postoperative period is another concern. Careful 
monitoring of systemic and central venous pressures, urine out-
put, and wound drainage is essential. Neurologic status must also 
be monitored closely for deterioration.

Traditionally, postoperative analgesia is typically provided by 
systemic opioids. However, wound instillation with local anesthetic 
or injection of intrathecal morphine is associated with improved 
pain scores and decreased side effects in the early postoperative 
period.33 Multimodal analgesia, a multidisciplinary approach to 
pain management with the aim of maximizing the positive aspects of 
the treatment while limiting the associated side effects, has become 
the gold standard for postoperative pain relief. Because many of the 
negative side effects of analgesic therapy are opioid-related (and 
dose-dependent), limiting perioperative opioid use is a major prin-
ciple of multimodal analgesia. Anti-inlammatory medications and 
acetaminophen are valuable adjuvants to systemic opioids. The 
addition of nonopioid analgesics reduces opioid use, improves 
analgesia, and decreases opioid-related side effects. Recently a 
perioperative oral multimodal approach, including scheduled 
extended release oxycodone, gabapentin, acetaminophen, and “as 
needed” short-acting oxycodone for breath-through pain, has been 
described. Compared to intravenous opioids, the oral regimen was 
associated with less opioid consumption, decreased pain, less nau-
sea, and less drowsiness.34

epidural and spinal Anesthesia after  
Major spine surgery

Previous spine surgery has been considered to represent a relative 
contraindication to the use of regional anesthesia. The presence 
of postoperative spinal stenosis or other degenerative changes 
in the spine or pre-existing neurologic symptoms may preclude 
the use of regional anesthesia in these patients. Likewise, many 
of these patients experience chronic back pain and are reluctant 
to undergo epidural or spinal anesthesia, fearing exacerbation of 
their pre-existing back complaints. Finally, postoperative ana-
tomic changes make needle or catheter placement more dificult 
and complicated after major spine surgery; needle insertion can 
be accomplished only at nonfused segments.

Spread of epidural local anesthetic following spine surgery 
may be affected by adhesions, producing an incomplete or 
“patchy” block. Obliteration of the epidural space may increase 
the incidence of dural puncture and make subsequent epidural 
blood patch placement impossible. Several retrospective stud-
ies have demonstrated that epidural anesthesia may be success-
fully performed in patients with previous spine surgery; however,  
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successful catheter placement was possible on the irst attempt in 
only 50% of patients, even with an experienced anesthesiologist. 
In addition, although adequate epidural anesthesia was eventually 
produced in 40% to 95% of patients, there appeared to be a higher 
incidence of traumatic needle placement, inadvertent dural punc-
ture, and unsuccessful epidural needle or catheter placement, 
especially if spinal fusion extended to L5 through S1.35–37

Spinal anesthesia may produce a more reliable block and cause 
less trauma than epidural anesthesia. Although needle placement 
may be more dificult or traumatic in these patients, the spread 
of local anesthetic in the subarachnoid space and quality of block 
would not be affected. A spinal anesthetic may be more desirable 
after spine surgery because the technique does not depend on a 
subjective loss of resistance, but instead has a deinite end point— 
the presence of cerebrospinal luid.

The overall success and neurologic complication rates was 
examined in 937 patients with spinal stenosis or lumbar disc 
disease undergoing neuraxial block, 207 (22%) of whom had 
previously undergone spine surgery, although the majority were 
simple laminectomies or discectomies. Success rates did not dif-
fer between patients who had previous surgery and those who 
had undergone a spine procedure. Ten patients experienced 
new or progressive neurologic deicits when compared with 
preoperative indings; the neuraxial technique was the primary 
cause in four patients. The authors concluded that patients with 
pre-existing spinal canal pathology have a higher incidence 
of neurologic complications after neuraxial blockade than 
that previously reported for patients without such underlying 
pathology.38 These indings validate those of Moen et al.39,40 who 
reported a higher frequency of (undiagnosed) spinal stenosis  
in patients who developed paraplegia following uneventful 
neuraxial block.

surgery to the uPPer extremities

Orthopedic surgical procedures to the upper extremity are well 
suited to regional anesthetic techniques. In addition to intraoper-
ative anesthesia, brachial plexus and peripheral nerve blocks may 
be used in the treatment and prevention of relex sympathetic 
dystrophy (complex regional pain syndrome). Continuous cath-
eter techniques provide postoperative analgesia and allow early 
limb mobilization. Conversely, although the beneits of regional 
anesthesia in this patient population are well established, ortho-
pedic surgical procedures often involve peripheral nerves with 
pre-existing deicits, such as ulnar nerve transposition and carpal 
tunnel release. In addition, the operative site may be adjacent to 
neural structures, as with total shoulder arthroplasty or fractures 
of the proximal humerus. The decision to perform regional anes-
thesia in a patient with pre-existing neurologic deicits or who 
is at risk for perioperative neurapraxia should be made on an 
individual basis after discussion with the patient and surgeon. 
Meticulous regional anesthetic technique with appropriate use 
of local anesthetic solutions and vasoconstrictors, careful patient 
positioning, and serial postoperative neurologic examinations 
may reduce the incidence of neurologic dysfunction.

Local anesthetic selection is based on the duration and degree 
of sensory or motor block required. Although prolonged blockade 
of the lower extremities interferes with ambulation and therefore 
delays outpatient discharge, persistent upper extremity block is 
not a contraindication to hospital dismissal. However, the patient 
should be informed of the anticipated duration of analgesia dur-
ing the postoperative visit and instructed to protect the blocked 
extremity until block resolution.

surgery to the shoulder and Upper Arm

Reconstructive shoulder surgery, including total shoulder arthro-
plasty and rotator cuff repair, presents unique management and 
positioning considerations to the anesthesiologist. For example, 
4% of patients undergoing total shoulder arthroplasty have a 
documented postoperative neurologic deicit, including 3% of 
patients with injury to the brachial plexus. The level of injury is at 
the level of the nerve trunks, which is the level at which an inter-
scalene block is performed, making it impossible to determine 
the etiology of the nerve injury (surgical vs. anesthetic). Most of 
these nerve injuries represent a neurapraxia; 90% resolve in 3 to 
4 months.41 In addition, nerve injury often occurs in association 
with upper extremity trauma. Radial nerve palsy is identiied 
in up to 18% of patients with humeral shaft fractures, whereas 
injury to the axillary nerve and brachial plexus is associated with 
proximal humerus fractures. However, the signiicant incidence 
of neurologic deicits demonstrates the importance of clini-
cal examination before regional anesthetic techniques in these 
patients.

surgical Approach and Positioning

Surgical procedures to the upper arm and shoulder are typically 
performed with the patient in the “beach chair” position (see 
Chapter 28). The patient’s head, neck, and hips must be secured 
to prevent additional lateral movement. The head and neck must 
remain irmly supported by the operating table and secured in a 
neutral position; excessive rotation or lexion of the head away 
from the operative side results in stretch injury to the brachial 
plexus. Care must also be taken to avoid pressure on the eyes 
and ears. All airway connections should be tightened and pos-
sibly reinforced with tape because after surgical draping, access 
to the patient’s face and airway is limited. Case reports of stroke 
after general anesthesia in the sitting position have been reported, 
particularly in the setting of induced hypotension. It has been 
suggested that, during induced hypotension, the systolic blood 
pressure should not be decreased by more than 20% to 30% from 
baseline (to 80 to 90 mm Hg in normal patients).42 Although 
there were no strokes in a series of 4,169 sedated, blocked, and 
spontaneously breathing patients who underwent induced hypo-
tension during shoulder surgery in the sitting position, the abso-
lute risk remains undetermined.43

A tourniquet cannot be used during proximal upper extremity 
surgical procedures, and signiicant blood loss may occur. There-
fore, arterial cannulation may be helpful for direct blood pres-
sure measurement and monitoring of intraoperative hemoglobin 
concentrations during total shoulder arthroplasty and reduction 
of humeral fractures. In theory, VAE may occur during surgical 
procedures to the shoulder because the operative site is higher 
than the heart, but the incidence is low.

Anesthetic Management

Surgery to the shoulder and humerus may be performed under 
regional or general anesthesia. With careful positioning and 
appropriate sedation, interscalene or supraclavicular blockade 
alone can provide excellent surgical anesthesia (Table 50-1). 
However, general anesthesia or a combination of regional and 
general anesthesia is often chosen because of limited access to 
the patient’s airway during these surgical procedures. Intersca-
lene brachial plexus block may be performed before surgical 
incision or after postoperative upper extremity neurologic func-
tion has been determined. Severe hypotension and bradycardia 
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(e.g., Bezold–Jarisch relex) have been reported in awake, sit-
ting patients undergoing shoulder surgery under an interscalene 
block. The cause is presumed to be stimulation of intracardiac 
mechanoreceptors by decreased venous return, producing an 
abrupt withdrawal of sympathetic tone and enhanced parasym-
pathetic output. This effect results in bradycardia, hypotension, 
and syncope. The frequency is decreased when prophylactic  
b-blockers are administered.44

Interscalene block should be performed with caution in 
patients with a pre-existing brachial plexopathy because of the 
risk of perioperative exacerbation of neurologic deicits. The ipsi-
lateral diaphragmatic paresis and 25% loss of pulmonary func-
tion produced by interscalene block also contraindicates this 
block in patients with severe pulmonary disease.45 The reduction 
in pulmonary function is present for the duration of the intersca-
lene block.

surgery to the elbow

Although use of general anesthesia is appropriate, surgical pro-
cedures to the distal humerus, elbow, and forearm are com-
monly performed using regional anesthetic techniques. Infra-
clavicular and supraclavicular approaches to the brachial plexus 
are the most reliable and provide consistent anesthesia to the 
four major nerves of the brachial plexus: Median, ulnar, radial, 
and musculocutaneous. However, the small but deinite risk of 
pneumothorax associated with supraclavicular and infraclavicu-
lar blocks usually makes this approach unsuitable for outpatient 
procedures. Typically, the pneumothorax occurs 6 to 12 hours 
after hospital discharge; therefore, a postoperative chest radio-
graph is not helpful. Although chest tube placement is advised 
for pneumothorax >20% of lung volume, the lung may also be 
re-expanded with a small Telon catheter under luoroscopic 
guidance, eliminating the need for hospital admission. The axil-
lary approach to the brachial plexus eliminates the risk of pneu-
mothorax and reliably provides adequate anesthesia for surgery 
near the elbow.46

surgery to the Wrist and Hand

Surgery to the distal forearm, wrist, and hand may be performed 
under general or regional anesthesia. Brachial plexus block pro-
vides comprehensive and consistent regional anesthesia for the dis-
tal upper extremity and can be used for outpatients.47,48 Although 
the brachial plexus may be successfully blocked at several sites, the 
interscalene approach is seldom used for wrist and hand proce-
dures because incomplete anesthesia of the ulnar nerve is noted in 
15% to 30% of patients. In addition, although the supraclavicular 
approach results in blockade of all four major nerves, the risk of 
pneumothorax reduces its suitability for outpatient procedures. 
Therefore, the axillary approach is most commonly used for surgi-
cal procedures to the forearm, wrist, and hand.

Minor hand procedures such as carpal tunnel release, reduc-
tion of phalanx fractures, and supericial wound debridements 
may require only local iniltration or peripheral blockade at the 
midhumeral, elbow, or wrist level. Inlation of an upper arm 
tourniquet in these patients causes signiicant discomfort in  
45 to 60 minutes and limits the duration of the surgical proce-
dure. Intravenous regional anesthesia (Bier block) using a double 
tourniquet permits more extensive surgery and longer tourniquet 
times than distal peripheral block, but does not provide postop-
erative analgesia.

continuous Brachial Plexus Anesthesia

Overall, there are early, but no long-term, beneits with a single-
injection regional anesthetic technique compared with a general 
anesthetic. However, placement of an indwelling perineural 
catheter results in more substantial and lasting beneits, includ-
ing avoidance of hospital admission/readmission, decreased 
opioid-related side effects and sleep disturbance, and improved 
rehabilitation.49,50 Thus, anesthetic management of patients 
undergoing elbow surgery is focused on postoperative analge-
sia, rather than intraoperative anesthesia to improve periopera-
tive outcomes. Brachial plexus catheters may be inserted using 

table 50-1. Regional anesthetic techniques foR uppeR extRemity suRgeRy

Brachial Plexus 

Technique

Level of 

Blockade

Peripheral nerves 

Blocked Surgical Applications Comments

Axillary Peripheral nerve Radial, ulnar, median; 
musculocutaneous 
unreliably blocked

Surgery to forearm and 
hand, less utilized for 
procedures about the 
elbow

Unsuitable for proximal humerus or 
shoulder surgery; patient must be 
able to abduct the arm to perform

Infraclavicular Cords Radial, ulnar, median, 
musculocutaneous, 
axillary

Surgery to elbow, forearm, 
and hand

Catheter site (near coracoid process) 
easy to maintain; no risk of 
hemothorax, pneumothorax

Supraclavicular Distal trunk–
proximal cord

Radial, ulnar, median, 
musculocutaneous, 
axillary

Surgery to mid humerus, 
elbow, forearm, and hand

Risk of pneumothorax—unsuitable 
for outpatient procedures; phrenic 
nerve paresis in 30% of cases

Interscalene Upper and 
middle trunks

Entire brachial plexus, 
although inferior 
trunk (ulnar nerve) 
not blocked in 
15–20% of cases

Surgery to shoulder, 
proximal/midhumerus

Phrenic nerve paresis in 100% of 
patients for block duration—
unsuitable for patients unable 
to tolerate 25% reduction in 
pulmonary function

Duration of block performed with long-acting local anesthetic (bupivacaine or ropivacaine) is 12–20 h; intermediate-acting agents (lidocaine or mepivacaine) will 
resolve after 4–6 h.
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interscalene, infraclavicular, and axillary approaches. After sur-
gery, the catheters may be left indwelling for 4 to 7 days without 
adverse effects. A continuous infusion of dilute local anesthetic 
solution, such as bupivacaine 0.125%, prevents vasospasm and 
increases circulation after limb replantation or vascular repair. 
More concentrated solutions result in complete sensory block 
and allow early joint mobilization after painful surgical proce-
dures to the elbow. Ambulatory (at-home) applications provide 
superior analgesia with fewer side effects than conventional sys-
temic analgesic therapy.49

surgery to the lower 

extremities

Although orthopedic procedures to the lower extremity may be 
performed under both general and regional anesthesia, the abil-
ity to provide superior postoperative analgesia, rapid postopera-
tive rehabilitation, and reduced cost of medical care may result 
from thoughtfully implemented regional anesthetic and analgesic  
techniques.51–53

Multiple studies demonstrate signiicantly reduced intraop-
erative blood loss during total hip arthroplasty completed under 
central neuraxial blockade compared with general anesthesia.54 
Likewise, postoperative pulmonary thromboembolism (PTE) from 
deep venous thrombosis (DVT) is an important cause of mor-
bidity and mortality in orthopedic surgical patients. Historical 
investigations reported a decreased incidence of DVT and PTE 
in patients whose surgery was conducted under regional anes-
thesia.55,56 However, these patients did not receive pharmacologic 
thromboprophylaxis. The potential beneit of regional anesthesia 
in reducing thromboembolic complications is discussed later in 
this chapter.

surgery to the Hip

More than 200,000 total hip replacements are performed annu-
ally in North America. Patients undergoing surgical procedures 
to the hip for arthritic conditions typically are elderly and often 
have pre-existing medical conditions that may affect perioperative 
outcome. In addition, because hospital costs appear to be directly 
related to the length of hospital stay, anesthetic techniques asso-
ciated with improved recovery and reduced complications may 
decrease the total hospital costs among these patients.51–53

surgical Approach and Positioning

The lateral decubitus position is frequently used to facilitate sur-
gical exposure for total hip arthroplasty, whereas the fracture 
table is often used for repair of femur fractures. In transferring 
the patient from the supine to lateral decubitus position, care 
must be taken to maintain the head and shoulders in a neutral 
position. The patient is supported while the position is secured 
with hip rests or other mechanical devices. The dependent arm 
is abducted and placed on a padded arm rest; a rolled towel or 
wrapped intravenous luid bag is placed in the axilla to avoid 
compression of the brachial plexus and vascular structures. The 
upper arm is placed on a padded overarm board.

Positioning on the fracture table (Fig. 50-4) also requires ade-
quate personnel to move the patient, with one person assigned 
to apply traction to the fractured limb. The fracture table affords 
two advantages: Maintenance of traction on the fractured extrem-
ity, allowing manipulation for closed reduction and ixation, and 

access to the fracture site for radiography in several planes. The 
patient must be carefully monitored for hemodynamic changes 
during positioning, whether under regional or general anesthesia. 
Care must be taken to pad the perineal post before positioning the 
patient’s pelvis. Usually, the arm ipsilateral to the fractured hip is 
placed on an arm board or in a sling to keep it from obstructing 
the luoroscopic view.

Anesthetic Technique

Regional techniques may be used to provide intraoperative anes-
thesia as well as postoperative analgesia. Both hypobaric and iso-
baric spinal anesthetic solutions are effective. Adequate intrave-
nous hydration before placing the neuraxial block protects against 
a precipitous drop in blood pressure that can occur secondary to 
sympathetic blockade and peripheral vasodilation. Placement of 
an epidural catheter allows prolonged anesthesia as well as post-
operative analgesia. More recently, both single-dose and continu-
ous lumbar plexus techniques have been performed to provide 
postoperative analgesia in patients undergoing major hip sur-
gery. Single-injection techniques are associated with short-term 
improvements in analgesia (approximately 6 hours) and a modest 
decrease in blood loss.57 However, prolonged analgesia with con-
tinuous psoas compartment block was associated with decreased 
postoperative pain, fewer episodes of cognitive dysfunction, and 
decreased ileus and facilitated hospital discharge.52,53 The lumbar 
plexus block also contributes to the intraoperative anesthetic, 
allowing decreased dosing of volatile agents, opioids, and/or spi-
nal anesthetic solutions (Table 50-2).

Blood loss

Regional anesthetic techniques reduce blood loss in patients 
undergoing hip surgery.58 Deliberate hypotension can also be 
used with general anesthesia as a means of reducing surgical 
blood loss and has been recommended when the beneits can be 
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figure 50-4. The fracture table. The patient must be moved care-
fully with continuous traction on the fractured limb. The ipsilateral arm 
is positioned on an arm board or sling without stretching the brachial 
plexus. (Courtesy of Midmark Corporation, Versailles, OH.)
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expected to outweigh the risks.59 Diltiazem, nitroprusside with 
and without captopril, b-blockers, and nitroglycerin have also 
been used to induce hypotension.

Total knee Arthroplasty

More than 300,000 total knee arthroplasties are performed annu-
ally in North America. These procedures are often associated 
with signiicant postoperative pain, particularly when continu-
ous-motion machines are applied to the affected joint. Failure to 
provide adequate analgesia impedes aggressive physical therapy 
and rehabilitation, which is critical to maintaining joint range of 
motion and potentially delays hospital dismissal. Thus, the anes-
thesiologist must devise a plan for not only intraoperative anes-
thesia, but also postoperative analgesia.

Anesthetic Technique and Positioning

Regional anesthetic techniques that can be used for surgical 
procedures about the knee include neuraxial and peripheral leg 
blocks. Surgical anesthesia for operative procedures on the knee 
in which a tourniquet will be used requires blockade of all four 
nerves (femoral, lateral femoral cutaneous, obturator, and sci-
atic nerves) innervating the leg. Spinal anesthesia can be accom-
plished with hyperbaric or isobaric solutions, although the latter 
are favored by most orthopedic anesthesiologists. Injection of 
hyperbaric solutions often results in a higher level of sensory and 
motor blockades than needed for the surgical procedure, with 
subsequent earlier offset of anesthesia. Epidural blockade offers 
the advantage of a continuous catheter technique that can be con-
tinued into the postoperative period.

Although it is possible to perform major knee surgery under 
peripheral nerve blocks, more often a femoral three-in-one or 
lumbar plexus (psoas) block is combined with a spinal or general 

anesthetic. This is less dificult technically, reduces the amount of 
local anesthetic (and associated systemic toxicity), and provides 
postoperative analgesia for 12 to 24 hours. Continuous lumbar 
plexus techniques, with or without supplemental sciatic block, 
allow for prolonged postoperative analgesia. The routine perfor-
mance of a sciatic block remains controversial. From investiga-
tions that did not include a sciatic block, it is apparent that block-
ade of the sacral plexus is crucial to some, but not all, patients 
undergoing major knee surgery.60–62

The supine position optimizes surgical exposure during knee 
arthroscopy or arthroplasty, lower extremity amputations, and 
procedures to the tibia and ibula. Care must be taken to cushion 
the extremities and bony prominences.

Postoperative Analgesia after  
Major Joint replacement

Pain after total joint replacement, particularly total knee arthro-
plasty, is severe. Traditionally, postoperative analgesia follow-
ing total joint replacement was provided by either intravenous 
patient-controlled analgesia or epidural analgesia. However, 
each technique has distinct advantages and disadvantages. For 
example, opioids do not consistently provide adequate pain relief 
and often cause sedation, constipation, nausea and vomiting, and 
pruritus. Epidural infusions containing local anesthetics (with or 
without an opioid) provide superior analgesia but are associated 
with hypotension, urinary retention, motor block limiting ambu-
lation, and spinal hematoma secondary to anticoagulation.63

Numerous reports have documented that single-dose and 
continuous peripheral nerve techniques that block the lumbar 
plexus (fascia iliaca, femoral, psoas compartment blocks), with 
or without sciatic nerve blockade, can be used with success for 
patients having total joint replacement.52,53,60,62–72

table 50-2. lumbosacRal techniques foR majoR loweR extRemity suRgeRy

Peripheral 

Technique Area of Blockade

Duration of 

Blockadea Perioperative Outcomesb

Lumbar plexus 12–18 h

 Femoral Femoral, partial lateral femoral 
cutaneous, and obturator

Improved analgesia and joint range of motion, 
decreased hospital stay compared to PCA; fewer 
technical problems, less urinary retention and 
hypotension than epidural analgesia (TKA)

 Fascia iliaca Femoral, partial lateral femoral 
cutaneous, obturator, and sciatic (S1)

Improved analgesia and joint range of motion 
compared to PCA (TKA)

 Psoas  
 compartment

Complete lumbar plexus; occasional 
spread to sacral plexus or neuraxis

Reduced morphine consumption, pain at rest 
compared to PCA (TKA, THA); reduced blood 
loss (THA); analgesia equivalent to continuous 
femoral block (TKA)

Sciatic Posterior thigh and leg (except 
saphenous area)

18–30 h Supplemental sciatic required (TKA); proximal 
approaches allow block of posterior femoral 
cutaneous nerve (TKA)

aDuration of block performed with long-acting local anesthetic (bupivacaine or ropivacaine); intermediate-acting agents (lidocaine or mepivacaine) will resolve after 
4–6 h.
bOutcomes most marked in patients who receive a continuous lumbar plexus catheter with infusion of 0.1–0.2% bupivacaine or ropivacaine at 6–12 mL/h for 48–72 h.
PCA, patient-controlled analgesia; TKA, total knee arthroplasty; THA, total hip arthroplasty.
From: Horlocker TT. Anesthesia and pain management. In: Berry DJ, Trousdale RT, Dennis D, et al., eds. Revision Hip and Knee Arthroplasty. Philadelphia, PA: Lippincott 
Williams and Wilkins; in press, with permission.
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Several studies have also demonstrated that unilateral periph-
eral block provides a quality of analgesia and surgical outcomes 
similar to that of continuous epidural analgesia, but with fewer 
side effects.64,66,70 These reports suggest that continuous periph-
eral techniques may be the optimal analgesic method following 
total joint arthroplasty. Appreciation of the indications, beneits, 
and side effects associated with both conventional and novel 
analgesic approaches is paramount to maximizing rehabilitative 
efforts and improving patient satisfaction. The use of peripheral 
or neuraxial regional anesthetic techniques and a combination 
of opioid and nonopioid analgesic agents for breakthrough pain 
(multimodal analgesia) results in superior pain control, attenu-
ation of the stress response, and decreased opioid requirements.

In recent years, there has been increased interest in high-
volume local wound iniltration/infusion techniques in these 
operations with a combined administration of local anesthetics, 
NSAIDs, and epinephrine [local iniltration analgesia (LIA)]. 
However, positive results have been inconsistently repeated. LIA 
likely has a place for intraoperative use in TKA, but most prob-
ably not in THA. The placement of a postoperative wound or 
intra-articular catheter with a local anesthetic infusion supple-
ments the initial iniltration.73,74 The simplicity and low risk of 
this technique have increased its application. However, overall 
the LIA technique must be evaluated against the eficacy, safety, 
and cost of other evidence-based analgesic techniques.74

knee Arthroscopy and Anterior  
cruciate ligament repair

Outpatient knee surgery may be performed under a variety of 
anesthetic techniques. The complexity/duration of the surgi-
cal procedure will determine the usefulness of peripheral blocks 
compared with neuraxial or general anesthesia. Because diagnos-
tic knee arthroscopy is a relatively minor procedure that may be 
performed under local anesthesia with sedation, the performance 
of a single-dose or continuous lower extremity block is probably 
not warranted in the majority of patients. The optimal anesthetic 
technique would allow rapid operating suite turnover and patient 
recovery, excellent operating conditions, and minimal side effects. 
Unfortunately, each approach is associated with advantages and 
disadvantages. For example, concerns over transient neurologic 
symptoms propelled a search for an alternative to intrathecal 
lidocaine; to date, its reliable sensory and motor blocks (of lim-
ited duration) have not been duplicated. Bupivacaine has a low 
incidence of transient neurologic symptoms. However, the time 
to hospital discharge following administration of low-dose bupi-
vacaine (5 to 7.5 mg) with fentanyl (10 mg) may be as long as 
3 hours. Conversely, general anesthesia is associated with nau-
sea and vomiting, side effects prevalent in the patient population 
undergoing knee arthroscopy. Evidence has failed to demonstrate 
a clinically signiicant difference in patient outcome with respect 
to anesthetic technique.75 Patient preference may also have a sig-
niicant impact on selection of anesthetic technique.

Repair of the anterior cruciate ligament (ACL) is also per-
formed as an outpatient procedure. However, the surgery is more 
extensive than knee arthroscopy, and postoperative pain may be 
signiicant. The anesthetic considerations are similar to those of 
diagnostic knee arthroscopy, with the additional need to provide 
substantial analgesia. In a comprehensive evaluation of analgesia 
following ACL, Williams et al.76 reported that femoral catheters 
reliably maintain pain scores below the moderate-to-severe pain 
threshold for the irst 4 days after ACL reconstruction. Selected 
patients may be discharged home with an indwelling femoral 
catheter to provide sustained pain relief for 48 hours.77 Hospi-

tal discharge criteria generally include successful oral intake, 
ambulation, and voiding by the patient. Thus, patients who have 
undergone a neuraxial technique will not be discharged until 
complete block resolution (although the requirement to void is 
somewhat controversial).

intra-articular injection

Intra-articular injections of local anesthetics, opioids, or combi-
nations have become routine for perioperative pain management 
after arthroscopic knee surgery. A number of reports enthusiasti-
cally recommend the use of this technique; however, the results 
remain conlicting.78,79 Comparison of reports is dificult because 
of variability in underlying anesthetic techniques, different dos-
ages and concentrations of local anesthetic, and lack of control 
groups. The safety of injecting large volumes of intra-articular 
bupivacaine has been ascertained, and side effects are rare after 
intra-articular doses of morphine. Because these techniques are 
simple, are low risk and seem to afford pain relief under some 
conditions, they will likely be continued.

surgery to the Ankle and Foot

Innervation of the foot is provided by the femoral nerve (via the 
saphenous nerve) and by the sciatic nerve (via the posterior tibial, 
sural, and deep and supericial peroneal nerves).61  Therefore, cen-
tral neuraxial blockade and peripheral nerve blocks at the upper 
leg, knee, or ankle are appropriate regional anesthetic techniques 
for foot surgery. The selection of the regional technique is based 
on the surgical site, use of a calf or thigh tourniquet, degree of 
weight bearing/ambulation, and the need for postoperative anal-
gesia. For example, inlation of a thigh tourniquet for longer than 
15 to 20 minutes necessitates a general or neuraxial anesthetic, 
regardless of the surgical site. Common surgical procedures and 
considerations regarding the choice of regional technique are dis-
cussed in Table 50-3.80

The distal surgical site and the ability to block the pain path-
ways at multiple sites give regional anesthesia an advantage over 
general anesthesia for surgery to the ankle and foot. Peripheral 
blockade avoids the cardiovascular and respiratory side effects, as 
well as the urinary retention associated with neuraxial and general 
anesthesia. Often, patients undergoing lower extremity peripheral 
techniques may be discharged directly from the operating room 
to the outpatient nursing station, reducing recovery time and 
charges. The use of long-acting local anesthetics and the addition 
of epinephrine or clonidine allow prolongation of postoperative 
analgesia. Mepivacaine and lidocaine may be more appropriate in 
the ambulatory setting, where fast-onset and reliable surgical anes-
thesia is essential. Placement of an indwelling catheter is the stan-
dard for major foot and ankle surgery and allows for superior and 
prolonged analgesia with minimal opioid-related side effects.81

Prolonged peripheral or plexus blockade provides excellent 
pain relief; however, the risk of accidental nerve trauma in an 
anesthetized extremity is theoretically higher outside the hospital 
environment. The patient should be informed of the risks and 
instructed in appropriate care of the extremity. Patients who are 
unable or unwilling to comply with recommended medical care 
may not be good candidates for regional anesthesia techniques 
and/or should be fully recovered before discharge. In all cases, 
a follow-up telephone call on the irst postoperative day should 
include questions concerning residual areas of neural blockade 
or altered neural function, such as paresthesias. Any patient con-
cerns regarding the anesthetic or surgery should also be discussed. 
Patients with indwelling plexus or peripheral catheters should be 

6
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queried regarding the presence of residual block, signs of local 
anesthetic toxicity, and catheter migration.81

Microvascular surgery

Microvascular surgery includes both replantation, the reattach-
ment of a completely severed body part, and revascularization, the 
re-establishment of blood low through a severed body part. Most 
replantation surgery involves the upper extremity. Anesthetic 
management in microvascular surgery includes maintenance 
of blood low through microvascular anastomoses, positioning 
considerations associated with a long surgical procedure during 
which the patient must lie completely still, and replacement of 
blood and luid losses, which may be extensive.

Maintenance of blood low through microvascular anasto-
moses is paramount to limb or graft viability. Blood low may 
be improved by increasing the perfusion pressure, preventing 
hypothermia, and using vasodilators and sympathetic blockade. 
Microvascular perfusion pressure depends on both adequate 
intravascular volume and oncotic pressure. Blood loss during 
microvascular surgery is typically continual and insidious. Unrec-
ognized bleeding and migration of intravascular luid into the 
third space reduce microvascular perfusion pressure and must be 
corrected. However, overzealous use of crystalloid results in gen-
eralized edema, including the replanted body part, whereas exces-
sive transfusion of blood products increases blood viscosity and 
therefore decreases low. Evidence suggests that use of phenyl-
ephrine to support blood pressure does not jeopardize blood low 
to the tissue being replanted.82 Rheologically, the oxygen-carrying 
capacity of blood is optimized with a hematocrit of 30%. Arterial 
cannulation allows frequent assessment of hemoglobin levels and 
acid–base status, as well as direct blood pressure measurement.

Body temperature is also a determinant of blood low. Hypo-
thermia not only results in peripheral vasoconstriction, but causes 
sympathetic activation, shivering, increased oxygen demand, a left-
ward shift of the oxygen–hemoglobin dissociation curve, and altered 
coagulation. Therefore, hypothermia must be prevented in micro-
vascular surgical patients. The operating room temperature should 

be increased to 21°C, intravenous solutions should be warmed, and 
the patient should be covered with a forced-air warming blanket.

The use of vasodilators has also been studied in the treatment 
of perioperative vasospasm. Local anesthetics and papaverine, 
applied topically, may be used to provide relaxation of vascular 
smooth muscle in the intraoperative setting. All the volatile anes-
thetics are potent vasodilators and can increase tissue blood low 
200% to 300%, even at typical expired anesthetic concentrations. 
Direct-acting vasodilating agents, such as sodium nitroprusside, 
trimethaphan, and hydralazine, produce vasodilation but do not 
prevent vasospasm because of direct surgical stimulation. Nitro-
prusside has been shown to reduce perfusion in a microvascular 
free lap.82 In addition, the volatile anesthetics and intravenous 
agents may also result in hypotension and decreased microvas-
cular perfusion pressure. Regional anesthetic techniques provide 
sympathectomy and vasodilation to the proximal (innervated) 
segment of an extremity, but have no effect on vasospasm in the 
replanted (denervated) tissue. Antithrombotics (heparin), ibrino-
lytics (streptokinase, urokinase, low-molecular-weight dextran), 
and smooth muscle relaxants (papaverine, local anesthetics) are 
also used to preserve blood low in microvascular anastomoses.

Microvascular surgery may be performed under regional or 
general anesthesia or both. The type of anesthesia does not affect 
graft survival.83 Regional anesthesia has several advantages over 
general anesthesia. The sympathectomy associated with local 
anesthetic blockade results in vasodilation and increased blood 
low. A single-injection regional anesthetic technique may be of 
insuficient duration for many microvascular procedures. How-
ever, placement of an indwelling catheter (epidural, plexus, or 
peripheral) provides extended intraoperative anesthesia and 
continuous postoperative analgesia. General anesthesia ensures 
airway access and reduces the possibility of patient movement 
during critical surgical events. A combination of general and 
continuous regional anesthesia allows prolonged intraoperative 
anesthesia and postoperative analgesia, reduces the amount of 
inhalation agent, and increases the patient’s acceptance of lengthy 
surgical procedures. However, regardless of anesthetic technique, 
conditions that stimulate vasospasm or vasoconstriction, such as 
pain, hypotension, and hypovolemia, must be avoided. Whether 
administration of a vasopressor with vasoconstrictive qualities or 

aFemoral or saphenous block required if the incision extends to the medial aspect of the foot or ankle.
From: Hadzic A, Vloka JD. Anesthesia for ankle and foot surgery. Tech Reg Anesth Pain Manage. 1990;3:113–119, with permission.

table 50-3. Anesthetic techniques foR common foot and ankle opeRations

Surgical Procedure Regional Technique Comments

Forefoota Hallux valgus Metatarsal, ankle, popliteal blockade Sural nerve block not necessary for 
surgery

Amputations Ankle, popliteal blockade Popliteal blockade is the technique of 
choice in the presence of infection or 
swelling

Midfoota Transmetatarsal amputations Popliteal, ankle blockade

Hindfoota Ankle arthroscopy Spinal, epidural, or general anesthesia Operation typically requires good muscle 
relaxation for manipulation; thigh 
tourniquet

Achilles tendon repair Spinal, epidural, or popliteal blockade Spinal or epidural anesthesia whenever 
thigh tourniquet is required

Triple arthrodesis Spinal or epidural Neuraxial technique preferred for bone 
graft harvesting; popliteal blockade for 
postoperative analgesia
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addition of epinephrine to local anesthetic solutions may decrease 
anastomotic blood low is controversial.82

PeDiatric orthoPeDic surgery

Pediatric patients present with a variety of orthopedic conditions, 
including congenital deformities, traumatic injuries, infections, 
and malignancies (see also Chapter 42). Anesthetic management 
of the pediatric orthopedic patient involves not only the usual 
pediatric patient considerations, such as airway management, 
luid replacement, and maintenance of body temperature, but 
also the unique concerns associated with orthopedic surgery. 
Coexisting neuromuscular conditions, such as arthrogryposis or 
myelomeningocele, may predispose pediatric orthopedic patients 
to latex allergy and malignant hyperthermia.

Orthopedic procedures may be performed with children 
anesthetized with regional, general, or a combination of anes-
thetic techniques. The patient’s age, operative site and position-
ing, and surgical duration are important factors in the selection 
of an anesthetic. Children older than 7 years of age may tolerate 
a primary regional anesthetic technique, whereas younger chil-
dren may beneit from a general or combination regional/gen-
eral anesthesia. Neural blockade may be initiated after induc-
tion of general anesthesia and before surgical incision to provide 
possible preemptive analgesia, or, on completion of the surgical 
procedure, to extend the duration of postoperative analgesia. 
Often, regional anesthetic procedures are technically easier to 
perform on children because the relative lack of subcutaneous 
tissue facilitates identiication of bony and vascular landmarks 
as well as spread of local anesthetic solutions. The advantages of 
regional anesthesia in children are similar to those in adults and 
include earlier ambulation and hospital discharge, decreased 
incidence of nausea and vomiting, and prolonged postoperative 
analgesia.

Surgical procedures to the lower extremity may be safely and 
successfully performed under caudal, epidural, and spinal anes-
thesia.84,85 However, the anatomic differences between the pedi-
atric and adult spine and spinal cord must be appreciated.84–86 
In addition, femoral, lateral femoral cutaneous, and sciatic nerve 
blocks allow prolonged anesthesia and analgesia to the blocked 
extremity, but often require additional intraoperative supple-
mentation with intravenous or inhalation agents.87

Upper extremity procedures may be performed with any of 
the anesthetic techniques previously described for adults.85 The 
supericial location of the brachial plexus, decreased neural 
diameter, and rapid diffusion of local anesthetics contribute to 
the high success rate, which approaches 100%.88 Blockade of the 
brachial plexus is usually accomplished with perivascular, sheath, 
nerve stimulator, or ultrasound techniques in children younger 
than 7 years of age because elicitation of paresthesias is regarded 
as uncomfortable (and therefore unacceptable) by the younger 
pediatric patients. Intravenous regional (Bier) block is particu-
larly useful in the pediatric population for limited procedures 
such as closed reduction of forearm fractures.

other consiDerations

Tourniquets

Tourniquets are often used to minimize blood loss and provide 
a bloodless operating ield. Appropriate selection of tourniquet 

cuff size and inlation pressure is paramount in reducing the risk 
of neuromuscular injury related to tourniquet ischemia. The cuff 
should be large enough to comfortably circle the limb to ensure 
circumferentially uniform pressure. The point of overlap should 
be placed 180 degrees from the neurovascular bundle because 
there is some area of decreased compression at the overlap point. 
The width of the inlated cuff should be more than half the limb 
diameter.

Opinions differ as to the pressure required in tourniquets to 
prevent bleeding. In general, a cuff pressure 100 mm Hg above 
a patient’s measured systolic pressure is adequate for the thigh, 
and 50 mm Hg above systolic pressure is adequate for the arm, 
with the understanding that if hypertensive episodes occur, the 
cuff pressure should be increased. Bleeding from the surgical site 
after cuff inlation may rarely be due to inadequate occlusion of 
the major arterial inlow, which is corrected by cuff reapplica-
tion and use of the proper degree of inlation. Bleeding during 
tourniquet inlation is more commonly due to intramedullary 
blood low in the long bones, particularly in the skeletally imma-
ture patient, and to small arterial vessels between the two bones 
of distal extremities. Overinlation of the tourniquet does not 
resolve these problems. Likewise, the duration of safe tourniquet 
inlation is generally considered to be 2 hours. Five minutes of 
intermittent perfusion between 1- and 2-hour inlations, fol-
lowed by repeated exsanguination through elevation and com-
pression, may allow more extended use, although this remains 
controversial.89,90

Damage to underlying vessels, nerves, and skeletal muscles has 
been reported following tourniquet inlation.91 Injury is a func-
tion of both inlation pressure and duration of inlation. Direct 
pressure from the cuff is more damaging than the ischemia dis-
tally. Arterial spasm, venous thrombosis, and nerve injury are 
all demonstrable after several hours. Clinical examination, elec-
tromyography, and efluent blood analysis all show completely 
reversible changes for inlations of 1 to 2 hours, which is the basis 
for the recommendation of this period as the safe duration for 
tourniquet use; longer inlation times are associated with pro-
longed or irreversible changes in neurologic and/or muscular 
function.89,91

Transient systemic metabolic acidosis and increased arte-
rial carbon dioxide levels have been demonstrated after tour-
niquet delation and do not cause deleterious effects in healthy 
patients.92 Measurable changes include a 10% to 15% increase 
in heart rate, a 5% to 10% increase in serum potassium, and a 
rise of 1 to 8 mm Hg in carbon dioxide tension in blood. Pro-
longed inlation or the simultaneous release of two tourniquets is 
not recommended. It may produce clinically signiicant acidosis, 
particularly in patients with an underlying acidosis from other 
causes. Tourniquet release has also been associated with cerebral 
embolic phenomena.93

When a pneumatic tourniquet is used with regional anes-
thetic techniques, some patients complain of dull, aching pain 
or become restless, even though seemingly adequate analgesia 
exists for the operation itself. Patient discomfort usually appears 
approximately 45 minutes after the tourniquet is inlated and 
becomes more intense with time. No satisfactory explanation 
for its genesis has been found. Current explanations involve pain 
transmission through both A delta and C ibers and its modula-
tion in the dorsal horn synapses. The C (slow pain) ibers recover 
faster as the block wanes. Analogous phenomena may be observed 
at the same time point during general anesthesia. Evidence of 
lightening anesthesia (increase in blood pressure and pulse rate) 
may appear even though the same concentrations of anesthetic 
are being delivered.94,95 The deinitive treatment for tourniquet 
pain is release of the tourniquet. Relief of pain is prompt and 
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Diagnosis of fat embolus syndrome requires at least one sign from the major and 
four signs from the minor criteria categories.
From: Gurd AR. Fat embolism: An aid to diagnosis. J Bone Joint Surg Br. 1970;
52:732, with permission.

table 50-4.  cRiteRia foR diagnosis of fat 

embolus syndRome

major

Axillary/subconjunctival petechiae

Hypoxemia (Pao2 <60 mm Hg; Fio2 <0.4)

Central nervous system depression (disproportionate to 
hypoxemia)

Pulmonary edema

minor

Tachycardia (>110 beats/min)

Hyperthermia

Retinal fat emboli

Urinary fat globules

Decreased platelets/hematocrit (unexplained)

Increased erythrocyte sedimentation rate

Fat globules in sputum

aTotal or proximal deep venous thrombosis prevalence based on the use of mandatory venography in prospective randomized 
clinical trials in which patients received either prophylaxis or a placebo.
From: Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous thromboembolism: American College of Chest Physicians 
evidence-based clinical practice guidelines (8th edition). Chest. 2008;133:381S–453S, with permission.

table 50-5.  Venous thRomboembolism pReValence afteR majoR 

oRthopedic suRgeRy

Deep Venous Thrombosisa Pulmonary Embolism

Procedure Total (%) Proximal (%) Total (%) Fatal (%)

Total hip replacement 42–57 18–36 0.9–28 0.14–2

Total knee replacement 41–85  5–22 1.5–10  0.1–1.7

Hip fracture surgery 46–60 23–30  3–11  2.5–7.5

complete. During surgery, however, opioids and hypnotics are 
usually effective.

Fat embolus syndrome

Fat embolus syndrome (FES) is associated with multiple trau-
matic injuries and surgery involving long-bone fractures.96 Risk 
factors include male gender, age (20 to 30 years), hypovolemic 
shock, intramedullary instrumentation, rheumatoid arthritis, 
total hip arthroplasty using the technique of cementing femoral 
stems designed for press-it application, and bilateral total knee 
surgery. The incidence of FES in isolated long-bone fractures is 
3% to 4%, and the mortality rate associated with this condition is 
signiicant, ranging from 10% to 20%.

Clinical and laboratory signs of FES have been classiied by 
Gurd97 as major or minor (Table 50-4), with a diagnosis requir-
ing at least one major and four minor criteria, as well as the 
exclusion of other posttraumatic causes of hypoxemia. Major 
signs of the syndrome include the presence of axillary or sub-

conjunctival petechiae, signiicant hypoxemia, central nervous 
system depression in excess of that expected because of the level 
of hypoxemia, and pulmonary edema. Classiied as minor signs 
are tachycardia, hyperthermia, retinal fat emboli on funduscopic 
examination, urinary fat globules, an unexplained decrease in 
hematocrit or platelets, an increased erythrocyte sedimentation 
rate, and fat globules in the sputum. Symptoms usually occur 12 
to 40 hours after the injury and can range from mild dyspnea to 
frank coma. Decreased arterial oxygen tension is the most con-
sistent abnormal laboratory value. Fulminant episodes can occur 
within hours of the traumatic injury, causing severe hypoxemia, 
respiratory failure, and severe neurologic impairment. Dissemi-
nated intravascular coagulation can also occur in conjunction 
with FES.

Appropriate treatment of FES requires early recognition of 
the syndrome, reversal of possible aggravating factors such as 
hypovolemia, early surgical stabilization of fracture sites, and 
aggressive respiratory support. Corticosteroid therapy is contro-
versial but may be beneicial. Other pharmacologic interventions, 
including heparin and dextran, have not been shown to be effec-
tive in treating FES.96

Methyl Methacrylate

Methyl methacrylate is an acrylic bone cement used during 
arthroplastic procedures. Insertion of this cement is associated 
with sudden onset of hypotension in some patients. This 
hypotension has been attributed to absorption of the volatile 
monomer of methyl methacrylate, embolization of air and 
bone marrow during femoral reaming, lysis of blood cells and 
marrow induced by the exothermic reaction, and conversion of 
methyl methacrylate to methacrylate acid. Adequate hydration 
and maximizing inspired oxygen concentration minimize the 
hypotension and hypoxemia that can accompany cementing 
of the prosthesis. Because air can be entrained during this 
procedure, nitrous oxide should be discontinued several minutes 
before this point.

Venous Thromboembolism

Venous thromboembolism is a major cause of death after sur-
gery or trauma to the lower extremities. Without prophylaxis, 
venous thrombosis develops in 40% to 80% of orthopedic 
patients, and 1% to 28% show clinical or laboratory evidence 
of pulmonary embolism. Fatal pulmonary embolism occurs in 
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pharmacologic agent, degree of anticoagulation desired, and 
duration of therapy, continue to evolve.98 Recommendations 
from the Eighth American College of Chest Physicians in 2008 
are based on prospective randomized studies that assess the 
eficacy of therapy, using contrast venography or ibrinogen leg 
scanning to diagnose asymptomatic thrombi (Table 50-6). For 
patients undergoing major joint replacement, administration 
of LMWH, warfarin, fondaparinux, or rivaroxaban is recom-
mended. Similar recommendations are made for patients with 
acute spinal cord injury. Conversely, other orthopedic patients 
are considered low risk, and no pharmacologic prophylaxis is 
warranted.

neuraxial Anesthesia and Analgesia in the 
Patient receiving Antithrombotic Therapy

Several studies show a decrease in the incidence of both DVT and 
PTE in (non-pharmacologically thromboprophylaxed) patients 
undergoing hip surgery under epidural54–56 and spinal 99–101 
anesthesia. Similar indings have been reported for knee surgery 
performed under epidural anesthesia.102,103 Proposed mecha-
nisms for this effect include (1) rheologic changes resulting in 
hyperkinetic lower extremity blood low, reducing venous stasis 
and preventing thrombus formation; (2) beneicial circulatory 
effects from epinephrine added to the local anesthetic solutions;  
(3) altered coagulation and ibrinolytic responses to surgery 
under central neural blockade, resulting in a decreased tendency 
for blood to clot and better ibrinolytic function; (4) the absence of  
positive-pressure ventilation and its concomitant effects on cir-
culation; and (5) direct local anesthetic effects such as decreased 
platelet aggregation. It is important to note that most of the 
studies examining the value of epidural and spinal anesthesia 
in preventing DVT and PTE involved patients who were not 
receiving currently recommended pharmacologic prophylaxis. 
In addition, despite the reduction in thromboembolism in the 
presence of a neuraxial block, the risk of thromboembolism 
remains signiicant, and pharmacologic thromboprophylaxis is 
required.

The more recent introduction of more eficacious anticoagu-
lants and antiplatelet agents has further increased the complex-
ity of patient management (Table 50-7). Anesthesiologists must 
balance the risk of thromboembolic and hemorrhagic complica-
tions. Spinal hematoma was considered a rare complication of 
neuraxial blockade until the introduction of LMWH as a throm-
boprophylactic agent in the 1990s. The calculated incidence 
(approximately 1 in 3,000 epidural anesthetics), along with the 
catastrophic nature of spinal bleeding (only 30% of patients had 
good neurologic recovery),40,104 warranted an alternate approach 
to analgesic management following total hip and knee replace-
ment. Although psoas compartment and femoral catheters are 
suitable (if not superior) alternatives to neuraxial infusions, there 
are no investigations that examine the frequency and severity of 
hemorrhagic complications following plexus or peripheral block-
ade in anticoagulated patients. Cases of major bleeding (signii-
cant decreases in hemoglobin and/or blood pressure) associated 
with nonneuraxial techniques occurred after deep plexus or deep 
peripheral block (i.e., psoas compartment, lumbar sympathetic, 
sciatic blockade) and have involved heparin, LMWH, warfarin, 
and thienopyridine derivatives. These cases suggest that sig-
niicant blood loss, rather than neural deicits, may be the most  
serious complication of nonneuraxial regional techniques in the 
anticoagulated patient. Current recommendations are to apply 
the neuraxial guidelines to deep plexus and deep peripheral 
blocks (Table 50-8).4

9

10

table 50-6.  antithRombotic Regimens to 

pReVent thRomboembolism in 

oRthopedic suRgical patients

hip and knee arthroplasty and hip fracture surgery

• LMWHa started 12 h before surgery or 12–24 h after 
surgery, or 4–6 h after surgery at half the usual dose 
and then increasing to the usual high-risk dose the 
following day

• Fondaparinuxa (2.5 mg started 6–8 h after surgery)
• Adjusted-dose warfarin started preoperatively or the 

evening after surgery (INR target, 2.5; INR range, 2–3)
• Intermittent pneumatic compression is an alternative 

option to anticoagulant prophylaxis in patients who have 
a high risk of bleeding

• Rivaroxabana (10 mg started 6–10 h after surgery)
• Dabigatrana (110 mg 1–4 h after surgery; followed by 

220 mg on subsequent days)b

spinal cord injury

• LMWH once primary hemostasis is evident
• Intermittent pneumatic compression is an alternative 

option when anticoagulation is contraindicated early after 
the injury

• During the rehabilitation phase, conversion to adjusted-
dose warfarin (INR target, 2.5; INR range, 2–3)

elective spine surgery

• Routine use of thromboprophylaxis, apart from early and 
persistent mobilization, not routinely recommended for 
patients without additional risk factors

knee arthroscopy

• Routine use of thromboprophylaxis, apart from early and 
persistent mobilization, not routinely recommended

aUse with caution in patients receiving neuraxial anesthesia/analgesia.
bDabigatran is approved for thromboprophylaxis in Europe and non-valvular 
atrial ibrillation in the United States.
LMWH, low-molecular-weight heparin; INR, international normalized ratio.
From: Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous thrombo-
embolism: American College of Chest Physicians evidence-based clinical practice 
guidelines (8th edition). Chest. 2008;133:381S-453S, with permission.

0.1% to 8% of patients98 (Table 50-5). The incidence of fatal 
pulmonary embolism is highest in patients who have undergone 
surgery for hip fracture. Although fatal pulmonary embolism 
may be the most common preventable cause of hospital death, 
many physicians fail to use prophylaxis appropriately because 
of concern about bleeding complications from anticoagulation. 
Effective thromboprophylaxis requires knowledge of clinical 
risk factors in individual patients, such as advanced age, pro-
longed immobility or bed rest, prior history of thromboem-
bolism, cancer, pre-existing hypercoagulable state, and major 
surgery. In many patients, multiple risk factors may be present, 
and the risks are cumulative. After identiication of the risk of 
thromboembolism, an assessment may be made regarding the 
risks and beneits of physical or pharmacologic techniques used 
to prevent thromboembolism.

Antithrombotic Prophylaxis

Thromboprophylaxis is based on identiication of risk factors. 
Guidelines for antithrombotic therapy, including selection of 
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INR, international normalized ratio; NSAIDs, nonsteroidal anti-inlammatory drugs; GP IIb/IIIa, platelet glycoprotein receptor IIb/IIIa inhibitors; LMWH, low- 
molecular-weight heparin; SQ, subcutaneous; aPTT, activated partial thromboplastin time; TT, thrombin time.
Unless otherwise speciied, recommendations from Horlocker TT, Wedel DJ, Benzon H, et al. Regional anesthesia in the anticoagulated patient: Deining the risks (the 
second ASRA Consensus Conference on Neuraxial Anesthesia and Anticoagulation). Reg Anesth Pain Med. 2003;28:172–197.

table 50-8.  Recommendations foR management of patients ReceiVing neuRaxial 

blockade and anticoagulant dRugs

Warfarin Discontinue chronic warfarin therapy 4–5 days before spinal procedure and evaluate INR. INR should be 
within the normal range at the time of procedure to ensure adequate levels of all vitamin K–dependent 
factors. Postoperatively, daily INR assessment with catheter removal occurring with INR <1.5

Antiplatelet medications No contraindications with aspirin or other NSAIDs. Thienopyridine derivatives (clopidogrel and 
prasugrel) should be discontinued 5–7 days and ticlopidine 14 days prior to procedure. GP IIb/IIIa 
inhibitors should be discontinued to allow recovery of platelet function prior to procedure (8 h for 
tiroiban and eptiibatide, 24–48 h for abciximab)

Thrombolytics/ibrinolytics There are no available data to suggest a safe interval between procedure and initiation or discontinuation 
of these medications. Follow ibrinogen level and observe for signs of neural compression

LMWH Delay procedure at least 12 h from the last dose of thromboprophylaxis LMWH dose. For “treatment” 
dosing of LMWH, at least 24 h should elapse prior to procedure. LMWH should not be administered 
within 24 h after the procedure. Indwelling epidural catheters should be maintained only with once-daily 
dosing of LMWH and strict avoidance of additional hemostasis-altering medications, including NSAIDs

Unfractionated SQ heparin There are no contraindications to a neuraxial procedure if total daily dose is less than 10,000 U. For 
higher dosing regimens, increase neurologic monitoring and cautiously coadminister antiplatelet 
medications

Unfractionated IV heparin Delay needle/catheter placement 2–4 h after last dose; document normal aPTT. Heparin may be 
restarted 1 h following procedure. Sustained heparinization with an indwelling neuraxial catheter 
associated with increased risk; monitor neurologic status aggressively

Dabigatran Discontinue 5–7 days prior to procedure; for shorter time periods, document normal TT. First 
postoperative dose 24 h after needle placement and 6 h post catheter removal (whichever is later)

Rivaroxaban According to European guidelines, 22–26 h should elapse between discontinuation of rivaroxaban and 
neuraxial block in patients with normal renal function.105 Longer intervals are required in patients 
with renal insuficiency. Indwelling neuraxial catheters are contraindicated due to the “boxed 
warning.” Four to six hours is recommended between spinal block and initiation of rivaroxaban 
therapy postoperatively105

table 50-7.  phaRmacologic actiVities of anticoagulants, 

antiplatelet agents, and thRombolytics

Agent

Effect on 

Coagulation 

Variables
Time to Peak 

Effect

Time to normal 

Hemostasis after 

DiscontinuationPT APTT

Intravenous heparin ↑ ↑↑↑ Minutes 4–6 h

Subcutaneous heparin – ↑ 40–50 min 4–6 h

Low-molecular-weight heparin – – 3–5 h 12–24 h

Warfarin ↑↑↑ ↑ 4–6 days (less with  
loading dose)

4–6 days

Dabigatran ↑ ↑↑ 2 h 4–7 days

Rivaroxaban ↑↑ ↑↑ 3 h 1–2 days

Antiplatelet agents
 Aspirin
 Other NSAIDs
 Ticlopidine, clopidogrel,  

 prasugrel
 Platelet glycoprotein IIb/IIIa 

 receptor inhibitors

– – Hours
Hours
Hours

Minutes

5–8 days
1–3 days
5–14 days

8–48 h

Fibrinolytics ↑ ↑↑ Minutes 24–36 h

PT, prothrombin time; aPTT, activated partial thromboplastin time; ↑, clinically insigniicant increase; ↑↑, possibly clinically 
signiicant increase; ↑↑↑, clinically signiicant increase; NSAID, nonsteroidal anti-inlammatory drug.
Adapted from: Horlocker TT, Wedel DJ. Anticoagulation and neuraxial block: Historical perspective, anesthetic implications, and 
risk management. Reg Anesth Pain Med. 1998;23:129–134, with permission.
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