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practice as a result of his work. In the 1880s, Sayre
attempted to correct spinal curvature with the use of
plaster of Paris casts applied as patients stood in a ver-
tical suspension device.4 The discovery of x-rays in
1895 aided in the visualization of spinal deformity,
although, according to Moen and Nachemson,4 the
hypothesis that poor posture was the cause of scolio-
sis held throughout the 19th century. Treatment
options continued to include bracing, as well as trac-
tion beds and exercises. None of these treatments
were effective in correcting the deformity.4

In 1902, Lange performed spinal fusions on
patients with tuberculous kyphosis using steel rods
and wire anchored to the spinous processes to correct
the deformity.4 Hibbs performed his first spinal fusion
for scoliosis in 1914. His technique required preoper-
ative traction and 6 to 12 months of postoperative cast
immobilization.4

A significant step forward in the treatment of scol-
iosis occurred in 1955 when Harrington developed
distraction rods for the treatment of scoliosis in
patients with poliomyelitis.4,5 This form of spinal
fusion was the first to provide a “reliable means of
obtaining and maintaining maximal deformity correc-
tion,” although postoperative immobilization contin-
ued to be required.4 In the late 1970s, Luque, building
on Harrington’s work, developed a fixation technique
involving sublaminar wires attached to Harrington or
Luque rods.4,5 This method of spinal fusion was more
stable and provided adequate fixation without the
need for postoperative external immobilization.4

Today, spinal fusion for correction of scoliosis is
achieved using the aforementioned techniques with
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S
coliosis is a complicated spinal deformity
involving lateral curvature of the spine,
vertebral body rotation, and angulation of
the ribs leading to thoracic rib cage defor-
mity.1,2 The most common form is adoles-

cent idiopathic scoliosis (AIS), with 1% to 3% of chil-
dren between the ages of 10 and 16 years affected.3

Anesthesia providers must understand the potential
physiologic derangements that accompany scoliosis.
The anesthetic plan must allow for safe induction and
positioning of patients, appropriate management of
fluids and blood loss, and careful intraoperative and
postoperative assessment of neurologic function.
Appropriate psychological preparation of patients
undergoing such procedures must also be considered.

This review explains the pathophysiology of scolio-
sis, delineates indications for surgery, and highlights
specific anesthetic concerns related to surgical correc-
tion of spinal curvature.

History and review of literature
In the fifth century BC, Hippocrates described scolio-
sis and believed it was the product of poor posture.4

Galen (AD 131-201) is thought to have first used the
term scoliosis to describe spinal curvature.4 Both of
these early physicians treated scoliosis through axial
distraction with the use of extension devices.4 Galen
added chest binders to aid in control of spinal curva-
ture.4 Later, Paré (1510-1590) developed iron corsets
to correct poor posture.4 Jules Guerin (1839) was
credited with the first surgical treatment for scoliosis.
He performed percutaneous myotomies of the verte-
bral musculature, although he was later banned from



278 AANA Journal/August 2007/Vol. 75, No. 4 www.aana.com/aanajournal.aspx

Cotrel-Dubousset or Luque rods, a combination of the
two, or other newly developed systems.6,7

Types of scoliosis
As noted in the Table,8 there are various types of sco-
liosis. The most common type of scoliosis is AIS,
which is the focus of this literature review. Treatment
for AIS includes posterior spinal fusion and, less com-
monly, anterior spinal fusion.

Adolescent idiopathic scoliosis
Adolescent idiopathic scoliosis, or late-onset idiopathic
scoliosis, is the most common structural deformity of
the spine. It occurs near the onset of puberty in people
without known congenital or neurologic abnormalities.
This disease is manifested by lateral curvature and ver-
tebral rotation of greater than 10°.3,9-11 There is a 1% to
3% incidence in adolescents (age 10-16 years), and
females are affected more often than males with a ratio

of 3.6 to 1.3,10,11 The majority of these curves require no
intervention.11

Serial monitoring through clinical assessment and
radiography is used to assess the progression of spinal
curvature.10 Spinal bracing may be attempted to slow
the curve progression and prevent the need for sur-
gery, although low compliance among adolescents in
wearing such devices has been reported.10,12

The 4 main curve patterns in AIS include thoracic,
lumbar, thoracolumbar, and double-major curves.3

Most treatment decisions for patients with AIS are
made according to the likelihood of curve progression
based on curve magnitude (Cobb angle), sexual matu-
rity, and age.3 Disease progression in children and
adolescents is more likely if a diagnosis of scoliosis is
made at a younger age and before menarche in girls.3

Cobb angle and curve progression
In 1948, John Cobb developed the Cobb method for

Idiopathic (genetic) scoliosis (approximately 70% of all cases of scoliosis; classified by age of onset)

Congenital scoliosis (probably not genetic)

Vertebral

Open, with posterior spinal defect

With neurologic deficit (eg, myelomeningocele)

Without neurologic deficit (eg, spina bifida occulta)

Closed, no posterior element defect

With neurologic deficit (eg, diastematomyelia with spina bifida)

Without neurologic deficit (eg, hemivertebra, unilateral unsegmented bar)

Extravertebral (eg, congenital rib fusions)

Neuromuscular scoliosis

Neuropathic forms

Lower motor neuron disease (eg, poliomyelitis)

Upper motor neuron disease (eg, cerebral palsy)

Other (eg, syringomyelia)

Myopathic forms

Progressive (eg, muscular dystrophy)

Static (eg, amyotonia congenital)

Others (eg, Friedreich ataxia, unilateral amelia)

Neurofibromatosis (von Recklinghausen disease)

Mesenchymal disorders

Congenital (eg, Marfan syndrome, Morquio disease, amyoplasia congenital, various types of dwarfism)

Acquired (eg, rheumatoid arthritis, Still disease)

Others (eg, Scheuermann disease, osteogenesis imperfecta)

Trauma

Vertebral (eg, fracture, irradiation, surgery)

Extravertebral (eg, burn, thoracic surgery)

Table. Classification of structural scoliosis8
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measuring the magnitude of spinal curvature.4 To per-
form this calculation, standing posteroanterior radi-
ographs of the spine are obtained. With the aid of the
radiographs, the surgeon can identify the most tilted
vertebrae above and below the apex of the curve. The
Cobb angle is derived from the angle between inter-
secting lines drawn perpendicular to the top of the
uppermost affected vertebra and the bottom of the
lowermost affected vertebra.9 This technique is still
used today.

The degree of spinal curvature at skeletal maturity
aids in predicting the magnitude of curve progression
for the lifetime of the patient. Studies by Weinstein et
al3 show that patients with AIS who have Cobb angles
in the thoracic spine measuring less than 30° at skele-
tal maturity will have minimal disease progression in
adulthood. Cobb angles measuring more than 30° in
the thoracic spine are likely to progress an average of
19° during a life span, whereas thoracic curvatures
measuring greater than 50° progress approximately 1°
to 2° per year.3 Surgery is generally indicated to cor-
rect curvatures that measure between 40° and 50°.9,11

Weinstein3 wrote, “double-curve patterns of the tho-
racic and lumbar spine are more likely to progress
than single curve patterns, and larger curves have
greater risk of progression.”

Flexible thoracic curves that do not involve signif-
icant lumbar curvatures can be corrected with poste-
rior spinal fusion with instrumentation.13 The ante-
rior approach is required for fusions of stiff thoracic
curves to gain spinal mobility and improve posterior
correction.13 Thoracolumbar curves are more chal-
lenging because they involve manipulation and
instrumentation of multiple vertebral levels. This
increases surgical time, blood loss, and the risk of
neurologic complications. If the lumbar spine is flexi-
ble and adequately balanced, fusion of the thoracic
curve may be all that is needed; otherwise, extensive
fusion may be required.13

Prevalence of back pain and mortality is the same in
patients with untreated AIS and the general popula-
tion.3,9 In a prospective natural history study by Wein-
stein et al,11 it was found that untreated adults with
lumbar idiopathic scoliosis alone are productive and
function at a high level at 50-year follow-up. Untreated
late-onset idiopathic scoliosis causes little impairment
other than back pain and cosmetic concerns.11

Coexisting diseases
• Respiratory system. Thoracic curvatures in AIS

reduce the mechanical efficiency of the chest wall,
leading to restrictive lung disease.14-16 Patients with
Cobb angles of greater than 50° at skeletal maturity

have a higher likelihood of developing deficits in pul-
monary function.11 When thoracic curves reach 70° to
100°, restricted ventilation may lead to alveolar
hypoventilation, arteriovenous shunting, and, possi-
bly, cor pulmonale.16 In a study of idiopathic scoliosis,
Lin et al16 found that pulmonary function was most
closely related to Cobb angle, number of vertebra
involved in the scoliotic curve, location of the upper-
most vertebra, and patient age.

As lateral curvatures progress, the vertebral bodies
and spinous processes rotate toward the concave part
of the curve. The rotation of the vertebrae cause the
ribs on the convex side to angle posteriorly, forming a
rib hump and a narrow thoracic cage.1 As the thoracic
curvature increases, vital capacity, forced expiratory
volume in 1 second (FEV1) and PaO2 decrease.3

Decreased inspiratory capacity with normal expira-
tory flow results in diminished FEV1 and forced vital
capacity, yet the FEV1/forced vital capacity ratio
remain normal.16 A preoperative vital capacity of less
than 35% is considered a relative contraindication for
surgery.17 Mehta and Gibson5 noted that, as a clinical
correlate, “the presence of an adequate cough is a
good clinical indicator of a satisfactory forced expira-
tory volume.”

Pulmonary function must be optimized preopera-
tively. Symptoms of upper and/or lower respiratory
infection should prompt a thorough examination.
Anesthetists and surgeons may want to consider post-
poning the surgery for 4 to 6 weeks to allow full
recovery from the respiratory infection.18

• Cardiac system. Patients with high-degree spinal
curvature and pulmonary hypertension are at risk for
cor pulmonale. This may develop as loss of pul-
monary capillaries and subsequent arterial hypoxemia
occurs.14 Hypoxic pulmonary vasoconstriction takes
place in the face of reduced PaO2.

19 If this vasocon-
striction is sustained, there is hypertrophy of vascular
smooth muscle in the lung, and pulmonary vascular
resistance is irreversibly increased.19 This increased
resistance is transmitted back to the right ventricle,
resulting in right ventricular hypertrophy and even-
tual cardiomyopathy.19 In patients with known or sus-
pected cardiac compromise, consultation with a cardi-
ologist during the perioperative period, as well as
invasive cardiac monitoring during surgery, may be
warranted.5,17

Preparation of patients for surgery
• Physical preparation. Patients undergoing scolio-

sis surgery require extensive preoperative preparation.
Spirometry is performed to determine the extent of
restrictive lung disease if it is present, and a chest radi-
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ograph is necessary to assess lung fields and cardiac
silhouette.20 A 12-lead electrocardiogram should be
obtained to document cardiac ischemia and axis devi-
ation. An echocardiogram may be considered to deter-
mine cardiac function and rule out structural abonor-
malities.20

A comprehensive laboratory evaluation should also
be ordered preoperatively. A complete blood cell
count and clotting profile should be done, as should a
type and crossmatch.21 Autologous blood donation
may be used for patients with idiopathic scoliosis.20

Regardless of whether autologous or allogeneic trans-
fusion is planned, blood should be available in the
operating room before the surgical procedure is
started. Anesthetists should also be prepared to
administer fresh frozen plasma and platelets to correct
consumption of clotting factors that results from mas-
sive blood loss and transfusion.

• Psychological preparation. Due to the magnitude
of most surgical procedures for correction of scoliosis,
anesthetists must realize that the patient and the fam-
ily will likely have many questions and fears related to
the surgery and anesthesia. Thorough preoperative
teaching is important to provide information that may
allay their anxiety. It is crucial for anesthetists to
assess the developmental level of each patient and to
establish rapport.

Parental presence may be helpful during the imme-
diate preoperative period and in the operating room
during induction. A parent who will be present during
induction of anesthesia should be told what to expect
as the child goes to sleep. There should also be ade-
quate nursing staff to ensure one-on-one support of
the parent during the induction period. Preoperative
sedation with oral or intravenous midazolam may also
benefit some patients. Depending on the psychologi-
cal maturity of the patient, inhalation or intravenous
induction may be undertaken.

If an intraoperative wake-up test is planned as part
of the surgical procedure, it is imperative for anes-
thetists to explain the process and to reassure the
patient that this is a controlled event. This will mini-
mize the patient’s anxiety and help ensure cooperation
during the assessment. Patients should understand that
they will be awakened briefly during the surgery and
asked to respond to commands to move their feet and
hands. They should be assured that they will neither
feel pain nor remember being awake during surgery.

Monitoring
At least 2 peripheral intravenous lines are needed dur-
ing scoliosis correction procedures to accommodate
fluid and blood administration and the delivery of

vasoactive medications. Anesthetists may also want to
consider placement of a central venous or pulmonary
artery catheter if impaired cardiac function or pul-
monary hypertension is present. The electroen-
cephalography personnel will place electrodes to
monitor somatosensory evoked potentials (SSEPs)
and motor evoked potentials (MEPs).

Invasive arterial blood pressure monitoring is
required whenever the use of vasoactive drugs or
induced hypotension is contemplated or when major
blood loss is anticipated.22 The arterial line also offers
ease of access for serial monitoring of arterial blood
gases, hematocrit values, and hemoglobin and serum
lactate levels.21 Monitoring of coagulation is also use-
ful during this procedure.23 An indwelling urinary
catheter should be placed to allow monitoring of
urine output and to assist anesthetists in determining
fluid replacement requirements.

Positioning for surgery
Positioning for scoliosis surgery should be carried out
with the goals of protecting the patient from neuro-
logic damage and optimizing chest ventilation and
venous return. If an anterior approach is required, the
patient may be placed in the lateral position. The
more common posterior approach requires the patient
to be placed prone on the operating table. Therefore,
induction and intubation should occur in the supine
position on the transport cart.

Positioning devices must be in place before turning
the patient to the prone position. These devices
include the operating table, such as the Jackson table,
and frame that supports the chest and pelvis, such as
the Wilson frame, to be used for the procedure. Spe-
cialized headrests such as preformed foam headrests,
pillows for the lower legs and feet, arm boards, and
padding for bony prominences are also required.24

Once prone, the patient’s position must be opti-
mized to ensure free excursion of the chest and
abdomen. This is required to promote adequate venti-
lation and to avoid compression of the inferior vena
cava and femoral veins. Adequate peripheral vascular
return avoids engorgement of the epidural plexus,
which may increase bleeding at the operative site.25

Blood loss and fluid management during
scoliosis surgery
Patients undergoing corrective surgery for scoliosis
may lose significant amounts of blood. Typical blood
loss for these procedures may exceed 50% of a
patient’s blood volume and is directly related to the
number of vertebrae fused, surgical time, whether
bone graft is taken from the hip, increased intra-
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abdominal pressure, and anesthetic factors such as
increased arterial or venous pressure, and intermittent
positive-pressure ventilation.26 Consumption of clot-
ting factors may occur during the procedure if severe
blood loss occurs.23

Various techniques are available to reduce blood
loss. These include modifications in surgical tech-
nique, decreasing surgical time, positioning patients to
prevent venous congestion, the use of neuromuscular
blockers to relax the abdominal muscles, preoperative
autologous blood donation, acute normovolemic
hemodilution, induced hypotension, and infusion of
shed blood through the use of a cell saver.27

A study by Cole et al28 suggested that administra-
tion of the platelet stabilizer and antifibrinolytic agent,
aprotinin, significantly decreases blood loss and trans-
fusion requirements in pediatric and adolescent scolio-
sis surgical patients, and a study by Karapurkar et
al29 yielded similar conclusions. In addition, ε-
aminocaproic acid (Amicar) was found by Florentino-
Pineda and colleagues30 to be helpful in decreasing
blood loss in patients undergoing posterior spinal
fusion and instrumentation.

It is helpful to avoid excessive administration of
fluids until after instrumentation is placed to decrease
the amount of surgical blood loss resulting from
hypervolemia. Once the instrumentation is complete,
optimal fluid and blood administration can be
achieved.

Autologous blood donation
The process of donating autologous blood begins in
the preoperative period.21,31 Under the direction of
blood bank personnel, patients may donate 2 to 4 U of
their own blood, which is stored in a blood bank for
use during surgery.21,31 Autologous blood donation
lessens the risk of infection with human immunodefi-
ciency virus and other blood-borne pathogens and the
risk of transfusion reaction.21

Acute normovolemic hemodilution
Acute normovolemic hemodilution also may be used
to reduce the need for allogeneic blood transfusion.
Blood is removed from the patient in the operating
room before the procedure and replaced with crystal-
loid or colloid.21

In a study by Fontana et al,21 blood was removed in
the operating room and simultaneously replaced with
an infusion of 5% albumin to maintain central venous
pressure (range in study, 5-23 mm Hg) and pul-
monary artery wedge pressure (range in study, 7-27
mm Hg). A target preoperative hemoglobin level of 7
g/dL was achieved while monitoring mixed venous

oxygen saturation.21 Fontana et al21 report that oxy-
gen delivery is adequate when there is an absence of
lactic acidosis, the mean arterial pressure is 60 mm Hg
or more, the cardiac index is 2.2 L/min/m2 or more,
and the mixed venous oxygen saturation is 60% or
more. Fontana and colleagues21 found that healthy
children under general anesthesia and ventilated with
100% oxygen undergo hemodilution to the preceding
hemoglobin level without signs of adverse hypoxia or
impairment of overall cardiac performance.

Copley et al32 used acute normovolemic hemodilu-
tion in adolescents undergoing extensive spinal sur-
gery and concluded this is a safe method to satisfy
perioperative transfusion requirements. After induc-
tion and intubation, hemodilution was done by
removing venous blood and replacing it with an infu-
sion of crystalloid at a ratio of 3 mL of crystalloid to 1
mL of blood with a desired posthemodilution hemat-
ocrit value of 30%. The venous blood is then returned
to the patient at the end of the surgical procedure.

Hypotensive technique
To reduce blood loss during the procedure, anes-
thetists may lower the patient’s blood pressure
through the use of vasoactive drugs. Surgical bleeding
may stem from arterial, venous, or capillary sources;
however, each can be minimized through the use of
specific vasoactive drugs targeted to the particular
type of blood loss that is occurring.22 Scoliosis proce-
dures involve mainly venous bleeding for which
vasodilators such as sodium nitroprusside and nitro-
glycerin may be used.

Sodium nitroprusside decreases peripheral vascular
resistance and blood pressure while increasing cardiac
output and tissue perfusion in the presence of normo-
volemia or hypervolemia. However, when sodium
nitroprusside is used in the face of hypovolemia,
decreased venous return will produce decreased car-
diac output and decreased arterial bleeding and,
hence, will minimize blood loss.22A reflex tachycardia
may also occur, and β-blockers can be used to control
heart rate and decrease cardiac output, reducing blood
loss. In cases in which induced hypotension is used,
ensuring adequate abdominal muscle relaxation opti-
mizes venous return and avoids engorgement of the
epidural plexus.20,24

During induced hypotension, overadministration
of fluid and blood to replace surgical losses should be
avoided until after instrumentation is complete. Anes-
thetists must assess the urine output, laboratory val-
ues, heart rate, and blood pressure to determine
appropriate fluid therapy.



282 AANA Journal/August 2007/Vol. 75, No. 4 www.aana.com/aanajournal.aspx

Spinal cord blood supply
Knowledge of how blood is supplied to the spinal cord
is a key to understanding the special risks involved in
scoliosis surgery and the necessity for monitoring sen-
sory and motor function throughout the procedure.
Blood supply to the spinal cord is segmental. Three
main arteries traverse the length of the cord, including
1 anterior spinal artery and 2 posterior spinal arteries.
Each arises from the vertebral arteries.33 Spinal arter-
ies in the cervical and upper thoracic cord are also
supplied by radicular branches of vertebral, ascending
cervical, and superior intercostal arteries,33 whereas
arteries of the midthoracic cord are supplied by inter-
costal radicular arteries.33 Spinal arteries found in the
thoracolumbar cord are supplied by the artery of
Adamkiewicz,33 and those in the cauda equina are
supplied by the lower lumbar, iliolumbar, and lateral
sacral radicular arteries.33

Gibson20 reports that neurologic injury during sco-
liosis surgery can occur through the reduction of
spinal cord blood flow by stretching or compression
of vessels or interrupting blood flow to radicular
arteries. Spinal cord ischemia is most common in the
motor pathway that is supplied by the small, tortuous
anterior spinal artery that, in some patients, can be
easily interrupted.20

Spinal cord monitoring
Given the risk of spinal cord ischemia during scolio-
sis surgery, methods for detection of spinal cord com-
promise have been developed. The oldest method of
assessing spinal cord function is the intraoperative
wake-up test, described by a renowned spine surgeon,
Pierre Stagnara, in 1973 with the help of his anesthe-
siologist, Mme Vauzelle.34,35 Although somewhat con-
troversial, the intraoperative wake-up test has
remained the “gold standard” for assessment of motor
function during spinal scoliosis surgery.36-38 The test
involves awakening the patient after spinal distraction
to discern whether motor function has been pre-
served. During the wake-up test, patients are awak-
ened to the point that they can follow commands to
move their feet and squeeze the anesthetist’s hands.
The anesthesia is then deepened to allow completion
of the surgery. However, this method of assessment
has been criticized because it provides only a brief
assessment of the patient’s motor function.34 In addi-
tion, some patients may be unable to cooperate or fol-
low commands. Others with neurologic disease may
be paralyzed preoperatively, thereby negating the
value of the wake-up test. Despite its widespread use,
this technique has several limitations.38 Intraoperative

assessment of voluntary motor function only provides
a brief assessment of the patient’s condition, and it
may fail to detect the onset of injury, ischemia, or
nerve injury. There is also a risk of intraoperative
recall.36,38 In addition, Pelosi et al39 wrote that the
Stagnara wake-up test “may be more accurate than
SSEPs, but is no better than MEPs in predicting motor
outcome,” that it “offers no information on sensory
deficits which can be correctly anticipated by SSEPs in
most instances,” and that it appears to “add no useful
information to combined MEP and SEP monitoring.”

Contemporary methods for monitoring spinal cord
function also exist. These include monitoring of
SSEPs and MEPs. Electrophysiologic responses of the
nervous system to sensory or motor stimulation are
known as evoked potentials (EPs).40 Intraoperative
monitoring of EPs provides information about the
functional integrity of neural pathways in anes-
thetized patients undergoing surgery.40 Monitoring of
EPs may be used in lieu of, or in addition to, the wake-
up test.

Somatosensory evoked potentials
Somatosensory EPs are the most widely used modality
for monitoring the integrity of the spinal cord during
scoliosis surgery. Anesthetists must remember, how-
ever, that SSEPs assess only the integrity of the
ascending sensory tracts of the dorsal column.34,38-41

Monitoring SSEPs does not provide information about
the spinal motor pathways that can be damaged dur-
ing corrective surgery. This is because the motor path-
ways are located in the descending anterior and lateral
corticospinal tracts, rather than the ascending tracts of
the dorsal spinal column.34,38,39

Somatosensory EPs represent reproducible electri-
cal activity that reflects activation of cortical and sub-
cortical structures following electrical stimulation of
peripheral nerves.38,40 These electrical impulses are
averaged via a computer to produce a waveform that
represents time (in milliseconds) vs voltage (in micro-
volts).40 The SSEP waveforms are measured in ampli-
tude and latency. Amplitude signifies the evoked
potential wave’s peak-to-peak voltage difference.40

Latency represents the time from stimulus to peak of
response.40

During surgery, electrical impulses are delivered to
the median nerve or posterior tibial nerves via surface
electrodes. The impulses are then propagated cen-
trally via the peripheral nerve to the dorsal column of
the spinal cord where it ascends the dorsal column to
the medulla. In the medulla, the impulse crosses the
midline to the contralateral thalamus and then travels
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to the primary somatosensory cortex. This electrical
activity is recorded via scalp electrodes.38,40

When spinal cord function is impaired intraopera-
tively, there is usually an increase in latency and a
decrease in amplitude.38 An increase in latency of
more than 10% or a decrease in amplitude of more
than 50% is considered significant. Such changes
reflect loss of integrity of the neural pathway and a
reason for intervention by the surgical team.38,40

Motor evoked potentials
Motor EPs monitor the descending motor system
located in the anterior and lateral corticospinal tracts
and can be elicited by electrical or magnetic transcra-
nial (tce-MEP) stimulation.38 Motor EPs are based on
findings from more than a century ago that excitable
regions in the cortex cause segmental muscle contrac-
tion on electrical stimulation.34

In 1996, Lang et al34 analyzed MEPs using transcra-
nial electrical cortical stimulation during spinal surgery
under conditions of partial neuromuscular blockade.
The researchers found that transient intraoperative loss
of MEP amplitude never resulted in a postoperative
motor deficit. However, complete loss of tce-MEP
amplitude without recovery during the course of sur-
gery always coincided with a postoperative motor
deficit.34 They concluded that reliability and ease of
performance of this technique supports consideration
of its use in cases in which intraoperative neurologic
compromise is considered a significant risk.34

When used together, SSEP and tce-MEP permit
sequential assessment of the dorsal sensory and ventral
motor columns, respectively.41 DiCindio and col-
leagues41 sought to determine the reliability and appli-
cability of multimodality tce-MEP and SSEP monitor-
ing for detection of spinal cord injury during surgical
correction of scoliosis secondary to cerebral palsy or
other neuromuscular disease. Their conclusion was
that tce-MEP and posterior tibial nerve SSEPs can be
monitored reliably in most patients with neuromuscu-
lar scoliosis, whereas patients with severe cerebral
palsy present the greatest challenge to successful neu-
rophysiologic monitoring.41

Pelosi et al39 compared monitoring motor and sen-
sory vs single-modality (motor or sensory) intraoper-
ative spinal cord monitoring. The researchers found
that combined SSEPs and multipulse transcranial
electrical stimulation MEPs provide a “safe, reliable
and sensitive method of monitoring spinal cord func-
tion in orthopedic surgery.”39 They also reported that
“the combined method was superior to single modal-
ity techniques, both for increasing the number of

patients in whom satisfactory monitoring of spinal
cord function can be achieved and for improving the
sensitivity and predictive value of monitoring.” The
percentage of successful MEP recordings in the study
by Pelosi et al39 was larger with propofol than with
isoflurane maintenance anesthesia.

Effects of anesthetic agents on monitoring of
somatosensory evoked potentials
Single anesthetic agents are known to affect the relia-
bility of intraoperative SSEP monitoring. Therefore,
anesthetists must become familiar with the effects of
drugs used to anesthetize patients undergoing correc-
tive surgery for scoliosis when SSEP monitoring is
used. A literature review by Banoub et al40 summa-
rizes the pharmacologic influences of various anes-
thetic drugs on SSEPs. The article describes a dose-
dependent effect of nitrous oxide and volatile agents
on SSEPs. The authors suggested that end-tidal con-
centrations of 0.5 minimum alveolar concentration
may be used when volatile agents are combined with
nitrous oxide, whereas end-tidal concentrations up to
1.0 minimum alveolar concentration may be used in
the absence of nitrous oxide. The literature review
also stated that intravenous anesthetics have less of an
effect on SSEPs than volatile agents. The use of con-
tinuous intravenous infusions of anesthetics and opi-
oids, combined with low doses of volatile anesthetics,
was suggested.

Monitoring of tce-MEPs and anesthetic
agents
The primary problem that has slowed widespread
application of intraoperative tce-MEP monitoring is
anesthetic-induced depression of the motor sys-
tem.38,42 A study by Ubags et al42 confirmed that
isoflurane significantly depresses myogenic tce-MEPs,
although the authors also demonstrated that applica-
tion of multiple stimuli can partially overcome this
depressive effect. However, the researchers also sug-
gested that multipulse stimulation paradigms should
be used and that the end-tidal concentration of isoflu-
rane not exceed 1.0 minimum alveolar concentration.
Complete neuromuscular blockade is not compatible
with myogenic motor EP monitoring. However, a sta-
ble level of muscle relaxation as reflected by 1 or 2
twitches on a train of four elicited via a peripheral
nerve stimulator should be maintained.38

Hypothermia
Monitoring and maintenance of core temperature is
vital. Sessler43 wrote that mild hypothermia, defined as
temperatures less than 36°C, may lead to various com-
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plications. These include coagulopathy due to
decreased platelet function, decreased resistance to sur-
gical wound infection through direct impairment of
immune function and decreased cutaneous blood flow,
and decreased drug metabolism. In addition, hypother-
mia reduces conduction velocity in peripheral nerves
and increases synaptic delay in awake and anesthetized
patients.38 The SSEP latency increases linearly with
decreasing temperatures, whereas the amplitude of the
cortical SSEP is unchanged with moderate hypother-
mia.38 The patient’s temperature should be maintained
at 37°C through the use of forced-air warming devices,
fluid warmers, and increased ambient temperature in
the operating room.43

Complications of scoliosis surgery
Paralysis is probably the most feared complication of
scoliosis surgery.36,41 The incidence of paralysis follow-
ing scoliosis surgery is 0.25% o 3.2%.41 Correction of
more difficult scoliosis due to a neuromuscular disorder
is more likely to result in a neurologic complication.41

Zhang et al44 found that “…postoperative pul-
monary complications increase with the deterioration
of preoperative pulmonary function….Thus, preoper-
ative pulmonary function could be useful to predict
postoperative pulmonary complications.”44 Zhang
and colleagues44 further concluded that the surgical
approach may impact the incidence of postoperative
pulmonary complications because incidence of pneu-
mothorax, hydrothorax, and atelectasis was 18 times
higher when the transthoracic rather than the poste-
rior approach was used.

Summary
Multiple studies have been done in an effort to deter-
mine the best anesthetic regimen to optimize operat-
ing conditions, facilitate spinal cord monitoring and
intraoperative wake-up tests to assess motor function,
and protect patients undergoing surgical correction of
scoliosis from the dangers of allogeneic blood transfu-
sions and hypothermia. Surgery for correction of
spinal scoliosis presents many challenges to anes-
thetists. Anesthesia providers must develop an under-
standing of the patient’s diagnosis and attendant
comorbidities and then use the available research to
formulate a safe anesthetic plan. That plan must
address the multiple modalities that may be used to
monitor spinal cord function and the physiologic
derangements that may be induced by the anesthetic
and surgical procedure. Once a plan of care has been
developed, anesthetists must be prepared to imple-
ment and modify the plan accordingly.

REFERENCES
1. Roaf R. Rotation movements of the spine with special reference to

scoliosis. J Bone Joint Surg Br. 1958;40:312-332.

2. Crabb I. Anaesthesia for spinal surgery. In: Anaesth Intensive Care
Med. San Ramon, Calif: Elsevier/The Medicine Publishing Com-
pany Ltd. 2003:80-84.

3. Weinstein SL. Natural history. Spine. 1999;24:2592-2600.

4. Moen KY, Nachemson AL. Treatment of scoliosis: an historical per-
spective. Spine. 1999;24:2570-2575.

5. Mehta JS, Gibson MJ. The treatment of neuromuscular scoliosis.
Current Orthopaedics. 2003;17:313-321.

6. Weinstein SL, ed. The Pediatric Spine: Principles and Practice. Vol 2.
New York, NY: Raven Press; 1994:1467-1483, 1485-1513, 1515-
1543, 1545-1583.

7. Cotrel Y, Dubousset J, Guillaumat M. New universal instrumenta-
tion in spinal surgery. Clin Orthop Relat Res. 1988;227:10-23.

8. Gregory GA. Pediatric Anesthesia. 4th ed. New York, NY: Churchill
Livingstone; 2001:621.

9. Greiner KA. Adolescent idiopathic scoliosis: radiologic decision-
making. Am Fam Physician. 2002;65:1817-1822.

10. Nicholson GP, Ferguson-Pell MW, Smith K, Edgar M, Morley T.
The objective measurement of spinal orthosis use for the treatment
of adolescent idiopathic scoliosis. Spine. 2003;28:2243-2250.

11. Weinstein SL, Dolan LA, Spratt KK, Peterson KF, Spoonamore MJ,
Ponseti IV. Health and function of patients with untreated idiopathic
scoliosis: a 50-year natural history study. JAMA. 2003;289: 559-567.

12. Takemitsu M, Bowen JR, Rahman T, Glutting JJ, Scott CB. Com-
pliance monitoring of brace treatment for patients with idiopathic
scoliosis. Spine. 2004;29:2070-2074.

13. Mehlman CT. Idiopathic scoliosis. June 30, 2004. Available at:
http://www.emedicine.com/orthoped/topic504.htm. Accessed July
16, 2004.

14. West JB. Pulmonary Pathophysiology: The Essentials. 6th ed.
Philadelphia, Pa: Lippincott Williams & Wilkins; 2003:96-97.

15. Chng S, Wong YQ, Hui JH, Ong HT, Goh DY. Pulmonary function
and scoliosis in children with spinal muscular atrophy types II and
III. J Paediatr Child Health. 2003;39:673-676.

16. Lin MC, Liaw MY, Chen WJ, Cheng PT, Wong AM, Chiou WK.
Pulmonary function and spinal characteristics: their relationships
in persons with idiopathic and postpoliomyelitic scoliosis. Arch
Phys Med Rehabil. 2001;82:335-341.

17. Bertorini TE. Perisurgical management of patients with neuro-
muscular disorders. Neurol Clin. 2004;22:293-313.

18. Maxwell LG. Age-associated issues in preoperative evaluation,
testing, and planning: pediatrics. Anesthesiol Clin North America.
2004;22:27-43.

19. West J. Respiratory Physiology: The Essentials. 6th ed. Philadelphia,
Pa: Lippincott Williams & Williams; 2000:122.

20. Gibson PR. Anaesthesia for correction of scoliosis in children.
Anaesth Intensive Care. 2004;32:548-559.

21. Fontana JL, Welborn L, Mongan PD, Sturm P, Martin G, Bunger R.
Oxygen consumption and cardiovascular function in children dur-
ing profound intraoperative normovolemic hemodilution. Anesth
Analg. 1995;80:219-225.

22. Mendosa-Lattis S, Boezaart AP. The adult spine. In: Boezaart AP,
ed. Anesthesia and Orthopaedic Surgery. New York, NY: McGraw-
Hill. 2006:155-180.

23. Kannan S, Meert KL, Mooney JF, Hillman-Wiseman C, Warrier I.
Bleeding and coagulation changes during spinal fusion surgery: a
comparison of neuromuscular and idiopathic scoliosis patients.
Pediatr Crit Care Med. 2002;3:364-369.

24. Relton JE, Hall JE. An operation frame for spinal fusion: a new
apparatus designed to reduce haemorrhage during operation. J
Bone Joint Surg Br. 1967;49:327-332.

25. Barker L. Positioning on the operating table. World Anaesthesia
Online. 2002;15(15). Available at: http://www.nda.ox.ac.uk/wfsa/
html/u15/u1515_01.htm.



www.aana.com/aanajournal.aspx AANA Journal/August 2007/Vol. 75, No. 4 285

26. Edler A, Murray DJ, Forbes RB. Blood loss during posterior spinal
fusion surgery in patients with neuromuscular disease: is there an
increased risk? Paediatr Anaesth 2003;13:818-822.

27. Meert KL, Kannan S, Mooney JF. Predictors of red cell transfusion
in children and adolescents undergoing spinal fusion surgery.
Spine. 2002;27:2137-2142.

28. Cole JW, Murray DJ, Snider RJ, Bassett GS, Bridwell KH, Lenke
LG. Aprotinin reduces blood loss during spinal surgery in chil-
dren. Spine. 2003;28:2482-2485.

29. Karapurkar A, Kudalkar A, Naik L. Aprotinin, to reduce periopera-
tive blood loss in scoliosis surgery. Indian J Anaesth. 2002;46:378-380.

30. Florentino-Pineda I, Blakemore LC, Thompson GH, Poe-Kochert
C, Adler P, Tripi P. The effect of epsilon-aminocaproic acid on peri-
operative blood loss in patients with idiopathic scoliosis undergo-
ing posterior spinal fusion: a preliminary prospective study. Spine.
2001;26:1147-1151.

31. Murray DJ, Forbes RB, Titone MB, Weinstein SL. Transfusion man-
agement in pediatric and adolescent scoliosis surgery: efficacy of
autologous blood. Spine. 1997;22:2735-2740.

32. Copley LA, Richards BS, Safavi FZ, Newton PO. Hemodilution as
a method to reduce transfusion requirements in adolescent spine
fusion surgery. Spine. 1999;24:219-222.

33. Pasternak BM, Boyd DP, Ellis FH Jr. Spinal cord injury after proce-
dures on the aorta. Surg Gynecol Obstet. 1972;135:29-34.

34. Lang EW, Beutler AS, Chesnut RM, et al. Myogenic motor-evoked
potential monitoring using partial neuromuscular blockade in sur-
gery of the spine. Spine. 1996;21:1676-1686.

35. DuBousset J. A tribute to Pierre Stagnara. Spine. 1996;21:2176-2177.
36. Grottke O, Dietrich PJ, Wiegels S, Wappler F. Intraoperative wake-

up test and postoperative emergence in patients undergoing spinal
surgery: a comparison of intravenous and inhaled anesthetic tech-
niques using short-acting anesthetics. Anesth Analg. 2004;99:
1521-1527.

37. Ku AS, Hu Y, Irwin MG, et al. Effect of sevoflurane/nitrous oxide
versus propofol anesthesia on somatosensory evoked potential
monitoring of the spinal cord during surgery to correct scoliosis.
Br J Anaesth. 2002;88:502-507.

38. de Haan P, Kalkman CJ. Spinal cord monitoring somatosensory-
and motor-evoked potentials. Anesthesiol Clin North America.
2001;19:923-245.

39. Pelosi L, Lamb J, Grevitt M, Mehdian SM, Webb JK, Blumhardt
LD. Combined monitoring of motor and somatosensory evoked
potentials in orthopaedic spinal surgery. Clin Neurophysiol. 2002;
113:1082-1091.

40. Banoub M, Tetzlaff J, Schubert A. Pharmacologic and physiologic
influences affecting sensory evoked potentials: implications for
perioperative monitoring. Anesthesiology. 2003;99:716-739.

41. DiCindio S, Theroux M, Shah S, et al. Multimodality monitoring
of transcranial electric motor and somatosensory-evoked poten-
tials during surgical correction of spinal deformity in patients with
cerebral palsy and other neuromuscular disorders. Spine. 2003;28:
1851-1855.

42. Ubags LH, Kalkman CJ, Henk HD. Influence of isoflurane on myo-
genic motor evoked potentials to single and multiple transcranial
stimuli during nitrous oxide/opioid anesthesia. Neurosurgery.
1998;43:90-94.

43. Sessler DI. Mild Perioperative hypothermia. N Engl J Med. 1997;
336:1730-1737.

44. Zhang JG, Wang W, Qiu GX, Wang YP, Weng XS, Xu HG. The role
of preoperative pulmonary function tests in the surgical treatment
of scoliosis. Spine. 2005;30:218-221.

AUTHOR
Melissa Gambrall, CRNA, MSN, ARNP, is a nurse anesthetist at the
University of Iowa, Department of Anesthesia, Iowa City, Iowa. She
was a student at the University of Iowa College of Nursing, Iowa City,
Iowa, when this article was written. Email: Melissa-
gambrall@uiowa.edu.

ACKNOWLEDGMENTS
I thank Ann Willemsen-Dunlap, CRNA, PhD; Robert Forbes, MD; and
Edward Thompson, CRNA, PhD, FAAN, for priceless encouragement
and direction.


