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Rare Coexisting Diseases
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MUSCULOSKELETAL DISEASES
Muscular Dystrophy
The Myotonias
Familial Periodic Paralysis
Myasthenia Gravis
Myasthenic Syndrome (Lambert–Eaton)
Guillain–Barré Syndrome (Polyradiculoneuritis)
CENTRAL NERVOUS SYSTEM DISEASES
Multiple Sclerosis
Epilepsy
Alzheimer Disease
Parkinson Disease
Huntington Disease
Amyotrophic Lateral Sclerosis (ALS)
Creutzfeldt–Jakob Disease
INHERITED DISORDERS
Malignant Hyperthermia
Porphyria

Cholinesterase Disorders
Glycogen Storage Diseases
Mucopolysaccharidoses
Osteogenesis Imperfecta
ANEMIAS
Nutritional Deficiency Anemias
Hemolytic Anemias
Hemoglobinopathies
COLLAGEN VASCULAR DISEASES
Rheumatoid Arthritis
Systemic Lupus Erythematosus
Systemic Sclerosis (Scleroderma)
Inflammatory Myopathies (Dermatomyositis/
Polymyositis)
SKIN DISORDERS
Epidermolysis Bullosa
Pemphigus

Ke yPoi nts
1 The cytoskeleton of the muscle membrane in patients with
muscular dystrophy is abnormal and susceptible to damage.
Massive release of intracellular contents, including potassium,
may occur after exposure to succinylcholine or halogenated,
inhaled anesthetics.
2 Myotonic dystrophy produces cardiac conduction delay that
can manifest as high-grade atrioventricular block.
3 Patients with myasthenia gravis are exquisitely sensitive to
nondepolarizing muscle relaxants. Short-acting muscle relaxants
and objective monitoring of neuromuscular function are indicated.
4 Many types of cancer, in addition to small cell cancer of the
lung, can produce myasthenic syndrome.
5 Patients with multiple sclerosis should be advised that an
exacerbation of their neurologic symptoms may occur during
the perioperative period.
6 An unexpected increase in end-tidal carbon dioxide is the most
sensitive sign of malignant hyperthermia.

7 Hypoglycemia and metabolic acidosis are a constant risk in
patients with glycogen storage diseases.
8 Repeated episodes of sickling in patients with sickle cell disease
cause pulmonary hypertension. Patients with sickle cell disease
and pulmonary hypertension have increased perioperative
mortality.
9 Rheumatoid arthritis is a multisystem disease that causes
subclinical cardiac and pulmonary dysfunction.
10 Patients with rheumatoid arthritis can have significant
degeneration of the cervical spine with few neurologic
symptoms. Cervical manipulation during laryngoscopy and
tracheal intubation requires special precautions.
11 Esophageal dysfunction in patients with scleroderma or
dermatomyositis increases the risk of aspiration pneumonitis.
12 Patients with epidermolysis bullosa can have undiagnosed
dilated cardiomyopathy.
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Rare disorders may inluence the conduct of anesthesia. Although
the anesthesiologist may encounter such diseases only on rare
occasions, he/she must recognize potential interactions between
the disease and anesthesia. Advances in molecular medicine continue to clarify disease mechanisms and provide the basis for new
therapies.

Musculoskeletal Diseases
The cytoskeleton of the muscle membrane protects the integrity
of the membrane and is composed of proteins such as dystrophin,
merosin, utrophin, syntrophin, dystrobrevin, and sarcoglycans
(Fig. 23-1). Insuficient quantities of normal proteins or the presence of abnormal proteins may weaken the membrane and make
it more susceptible to damage.

Muscular Dystrophy
The muscular dystrophies are diseases associated with abnormalities of the muscle membrane and are characterized by progressive
loss of skeletal muscle function (Table 23-1) (Fig. 23-2).1 Dysfunctions of cardiac and smooth muscle are less evident but contribute signiicantly to morbidity and mortality.

Duchenne Muscular Dystrophy
Duchenne muscular dystrophy (DMD) is caused by the absence
of dystrophin, a major component of the muscle membrane
cytoskeleton. DMD is a sex-linked recessive trait most evident
in boys and is characterized by painless degeneration and atrophy of skeletal muscle. Muscle weakness produces symptoms
between the ages of 2 and 5 years and signiicant limitation by
1 12 years of age. Kyphoscoliosis may require surgical intervention
for stabilization. Death is usually secondary to congestive heart
failure or pneumonia. Aggressive treatment of cardiopulmonary
dysfunction; however, has improved survival for many patients
until the fourth decade of life. Serum creatine kinase levels parallel the course of the disease. In the patient’s early years of life, the
creatine kinase level is increased. Later, as signiicant amounts of
muscle have degenerated, creatine kinase levels decrease.
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table 23-1. TYPES OF MUSCULAR DYSTROPHY
Duchenne
Becker
Emery–Dreifuss
Limb-girdle
Facioscapulohumeral
Oculopharyngeal
Congenital muscular dystrophy

Degeneration of cardiac muscle is evidenced by a progressive
decrease in R-wave amplitude in the lateral precordial leads of
the electrocardiogram. Serial echocardiograms provide important information about cardiac function. Loss of myocardial
tissue results in cardiomyopathy, ventricular dysrhythmias, and
mitral regurgitation. Treatment of cardiac dysfunction includes
angiotensin-converting enzyme (ACE) inhibitors, β-adrenergic
blockers, and dysrhythmia surveillance.2
Ineffective cough caused by diminished muscle strength
results in retention of pulmonary secretions and pneumonia.
Smooth muscle involvement causes intestinal hypomotility, gastroparesis, and delayed gastric emptying.
Although the genetic defect that causes DMD is known, speciic gene therapy remains elusive. Current treatment is supportive and directed at improvement of cardiorespiratory function.

Becker Muscular Dystrophy
Dystrophin is present in patients with Becker muscular dystrophy
(BMD) but is reduced in amount. The clinical course with respect
to skeletal muscle function is milder in BMD patients when compared to patients with DMD. Cardiac involvement is, however,
more prevalent in patients with BMD. Patients with BMD may also
have epilepsy, macroglossia, and color blindness.3 Female carriers
of both DMD and BMD may also have cardiac abnormalities.

Emery–Dreifuss Muscular Dystrophy
Emery–Dreifuss muscular dystrophy is characterized by contractures of the elbow, ankles, spine, and humeropectoral weakness.
Figure 23-1. Muscle cell cytoskeleton. (Reprinted from: Duggan DJ, Gorospe JR, Fanin M, et al.
Mutations in the sarcoglycan genes in patients with
myopathy. N Engl J Med. 1997;336:618–624, with
permission.)
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Facioscapulohumeral Muscular Dystrophy
Patients with this disease have diverse clinical manifestations such
as weakness of the facial, scapulohumeral, anterior tibial, and
pelvic girdle muscles. Associated abnormalities include retinal
vascular disease, deafness, and neurologic dysfunction. Cardiac
conduction defects and dysrhythmias may occur.

Oculopharyngeal Muscular Dystrophy
Oculopharyngeal muscular dystrophy (OPMD) presents in late
adulthood with ptosis and dysphagia. Dysphagia is secondary to
pharyngeal and esophageal muscle weakness. Weakness of the
head, neck, and arms may also occur. Patients often require levator resection for ptosis or cricopharyngeal myotomy for dysphagia. Reported anesthesia experience for patients with OPMD is
limited. Onset time for non-depolarizing muscle relaxants may
be delayed although recovery appears to be normal.4

Congenital Muscular Dystrophy
A

B

C

Congenital muscular dystrophy is characterized by early onset
(infancy) of hypotonia, developmental delay, feeding dificulties,
and respiratory dysfunction. Included in this group of muscular
dystrophies are merosin-deicient muscular dystrophy, Walker–
Warburg syndrome, Ulrich disease, muscle–eye–brain disease,
rigid spine muscular dystrophy, central core disease, myotubular
dystrophy, and nemaline myopathy. Although respiratory dysfunction can be severe, cardiac involvement is not as prominent
as in other muscular dystrophies.

Management of Anesthesia
The signiicant complications from anesthesia in patients with
muscular dystrophy are secondary to the effects of anesthetic
drugs on myocardial and skeletal muscle.5 There are numerous case reports of rhabdomyolysis and/or cardiac arrest during
1 general anesthesia in patients with DMD and BMD. These cases
are associated with rhabdomyolysis and hyperkalemia and have
occurred with volatile anesthetics alone or in combination with
succinylcholine. Halogenated volatile anesthetics may release
intracellular calcium, damage the muscle membrane, and cause
rhabdomyolysis. These rhabdomyolytic episodes (anesthesiaD
E
F
induced rhabdomyolysis [AIR]) are unpredictable and may
depend upon the state of the muscle degeneration and regeneraFigure 23-2. Distribution of predominant muscle weakness in diftion that is occurring in the patient. The use of volatile anesthetics
ferent types of muscular dystrophy. (A) Duchenne-type and Beckerin patients with muscular dystrophy is controversial.6 Although
type. (B) Emery–Dreifuss. (C) Limb-girdle. (D) Facioscapulohumeral.
the rhabdomyolysis may resemble malignant hyperthermia, it
(E) Distal. (F) Oculopharyngeal. (Reproduced from: BMJ Publishis doubtful that muscular dystrophy patients are more prone to
ing Group. Emery AE. The muscular dystrophies. BMJ. 1998;317:
991–995.)
malignant hyperthermia.7 Succinylcholine should be avoided in
patients with muscular dystrophy and close monitoring for evidence of rhabdomyolysis during the perioperative period should
be performed. Patients with muscular dystrophy may have a prolonged recovery from non-depolarizing muscle relaxants.
The skeletal muscle manifestations are usually mild, whereas carDegeneration of gastrointestinal smooth muscle with hypodiac conduction defects can be fatal. Implantable deibrillating
motility of the intestine and delayed gastric emptying in conjunccardiac pacemakers are often indicated.
tion with impaired swallowing increases the risk of perioperative
aspiration of gastric contents. Vigorous respiratory therapy and
Limb-girdle Muscular Dystrophy
mechanical ventilation may be required after surgery.
Patients with limb-girdle muscular dystrophy exhibit weakness of
the shoulder and pelvic girdles. Numerous genetic defects have
been discovered that cause abnormalities in different muscle
The Myotonias
membrane proteins (e.g., calpain-3, dysferlin, and sarcoglycans).
Cardiomyopathy and atrioventricular conduction defects can
Myotonia is the delayed relaxation of skeletal muscle after voloccur.
untary contraction. Electromyography demonstrates repetitive
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Myotonic Dystrophy Type 1
Congenital
Childhood-onset
Adult-onset
Late-onset
Myotonic Dystrophy Type 2
Proximal myotonic dystrophy
Proximal myotonic myopathy
Proximal myotonic myopathy syndrome

muscle iber discharges that luctuate. These abnormalities are
caused by dysfunction of ion channels in the muscle membrane.
There are two types of myotonic dystrophy caused by mutations
in two distinct gene loci: Myotonic dystrophy type 1 and myotonic
dystrophy type 2. The genetic alteration in type 1 is an unstable
trinucleotide expansion (CTG) on chromosome 19q. Type 2 is
caused by a quadnucleotide expansion (CCTG) on chromosome
3q. Both mutations produce RNA toxicity.
Myotonic dystrophy type 1 is the more common form and is
subdivided by age of onset (Table 23-2). Type 1 is a multisystem disease that affects the musculoskeletal system, the heart, the
respiratory system, central nervous system, and endocrine system.8 Muscle weakness begins distally and progresses to proximal muscles and muscle wasting occurs over time. Pulmonary
function studies demonstrate a restrictive pattern, mild arterial
hypoxemia, and diminished ventilatory responses to hypoxia
and hypercapnia. Respiratory muscle weakness diminishes the
effectiveness of cough and may lead to pneumonia. Aspiration of
gastric contents may occur because of gastric atony and pharyngeal muscle dysfunction. Myotonia of the respiratory muscles can
produce intense dyspnea.
Cardiac manifestations include atrioventricular (AV) conduc2 tion delay, atrial tachydysrhythmias, diastolic dysfunction, cardiomyopathy, and mitral valve prolapse. Sudden death may be
secondary to third degree atrioventricular block or ventricular
dysrhythmias. Echocardiography may reveal subclinical evidence
of left ventricular systolic and diastolic function.9
Other clinical features include cataracts, premature balding,
diabetes mellitus, thyroid dysfunction, adrenal insuficiency, and
gonadal atrophy. Pregnancy often produces an exacerbation of
myotonic dystrophy and congestive heart failure is more likely
to occur during pregnancy. Cesarean section is often required
because of uterine smooth muscle dysfunction. Infants of mothers with myotonic dystrophy may develop congenital myotonic
dystrophy that features hypotonia, feeding dificulty, and respiratory failure.
Until speciic molecular therapies are available, treatment is
directed at symptom management, such as pacemaker implantation for cardiac dysrhythmias or surgery for cataracts or gallbladder dysfunction.

Management of Anesthesia
Patients with type 1 myotonic dystrophy have far more perioperative complications than patients with type 2 myotonic dystrophy.10,11 Considerations for anesthesia for patients with myotonic
dystrophy include the presence of cardiac and respiratory muscle

Figure 23-3. Administration of low doses of succinylcholine to a
patient with myotonic dystrophy produces an exaggerated contraction
of skeletal muscle. (Reprinted from: Mitchell MM, Ali HH, Savarese JJ.
Myotonia and neuromuscular blocking drugs. Anesthesiology. 1978;49:
44–48, with permission).

disease and abnormal responses to drugs used during anesthesia.
Succinylcholine produces an exaggerated contracture and its use
should be avoided (Fig. 23-3). The myotonic response to succinylcholine can be so severe that ventilation and tracheal intubation are dificult. Most patients with type 1 myotonic dystrophy
develop a chronic myopathy and the response to nondepolarizing
muscle relaxants may be enhanced. Reversal with neostigmine
may provoke myotonia. The response to a peripheral nerve stimulator must be carefully evaluated because muscle stimulation
may produce myotonia that could be misinterpreted as sustained
tetanus when signiicant neuromuscular blockade still exists.
Reversal of rocuronium with sugammadex would be an attractive
alternative.
Patients with myotonic dystrophy are sensitive to the respiratory depressant effects of opioids, barbiturates, benzodiazepines, and inhaled anesthetics. Respiratory complications are
more likely to occur in the early postoperative period after upper
abdominal surgery or in those patients in whom preoperative
upper extremity weakness was evident.12
No speciic anesthetic technique has been shown to be superior for patients with myotonic dystrophy. Carefully controlled
propofol infusions have been used successfully. Inhaled anesthetics may be used but close monitoring of cardiac rhythm and function is indicated. Postoperative mechanical ventilation should be
employed until muscle strength and function return.13 Regional
anesthesia has been described for both children and adults with
myotonic dystrophy.14
Skeletal muscle weakness and myotonia are exacerbated
during pregnancy. Labor is typically prolonged and there is an
increased incidence of postpartum hemorrhage from placenta
accreta. Spinal and epidural anesthesia have been successfully
used for pregnant patients.

Familial Periodic Paralysis
The familial periodic paralyses are a subgroup of diseases referred
to as the hereditary skeletal muscle ion channelopathies. This
group of diseases includes hyperkalemic and hypokalemic periodic paralysis, myotonia congenita, paramyotonia congenita, and
the sodium channel myotonias. Alterations in the sodium, potassium, and calcium channels result in muscle membrane inexcitability and weakness.15
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table 23-2. CLASSIFICATION OF MYOTONIC
DYSTROPHY
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table 23-3. CLINICAL FEATURES OF FAMILIAL
PERIODIC PARALYSIS
Hypokalemic
Calcium channel defect
Potassium level <3 mEq/L during symptoms
Precipitating factors
High glucose meals
Strenuous exercise
Glucose–insulin infusions
Stress
Hypothermia
Chronic myopathy with aging
Hyperkalemic
Sodium channel defect
Potassium level >5.5 mEq/L during symptoms
Precipitating factors
Rest after exercise
Potassium infusions
Metabolic acidosis
Hypothermia
Skeletal muscle weakness may be localized to tongue and
eyelids

Hyperkalemic Periodic Paralysis
Hyperkalemic periodic paralysis is characterized by episodes of
myotonia and muscle weakness that may last for several hours.
Weakness can occur during rest after strenuous exercise, infusion
of potassium, metabolic acidosis, or hypothermia (Table 23-3).
The hyperkalemia is transient and occurs only at the time of weakness. Acute attacks can be fatal because of cardiac dysrhythmias
or respiratory failure. A chronic myopathy frequently develops in
older patients. Treatment consists of a low potassium diet and the
administration of thiazide diuretics.

Hypokalemic Periodic Paralysis
Hypokalemic periodic paralysis is caused by a mutation in two
skeletal muscle membrane cation channels. Paralysis can be produced by a decrease in serum potassium levels caused by strenuous
exercise, infusion of glucose and insulin, or ingestion of carbohydrates and sodium rich food. Paralysis usually affects the limbs
and trunk, but spares the diaphragm. Chronic muscle weakness
occurs in most patients as they age.
Thyrotoxic hypokalemic periodic paralysis occurs with thyrotoxicosis in combination with hypokalemia. There is only rarely
a family history and presentation is generally later in life. Treatment is directed at treatment of the hyperthyroidism.16

Management of Anesthesia
The primary goal with both forms of familial periodic paralysis is
maintenance of normal potassium levels and avoidance of events
that precipitate weakness. Any electrolyte abnormality should
be corrected prior to surgery. These patients may be sensitive to
nondepolarizing muscle relaxants, and short-acting muscle relaxants are preferred. Succinylcholine is best avoided as its administration may alter potassium levels. Metabolic changes (acidosis
and alkalosis) or medications (glucose and insulin, diuretics) that
reduce potassium levels may cause weakness or paralysis. Because

changes in potassium levels precede the onset of weakness, serial
measurement of potassium levels during prolonged surgical procedures and the early postoperative period should be considered.
The ECG should be monitored for evidence of potassium-related
dysrhythmias. Other recommendations include avoidance of carbohydrate loads, hypothermia, and excessive hyperventilation.
Halogenated inhaled anesthetics and regional anesthesia have
been administered without complication.

Myasthenia Gravis
Myasthenia gravis (MG) is an autoimmune disease with antibodies directed against acetylcholine receptors or other proteins in the
postsynaptic membrane of the neuromuscular junction (NMJ).
Eighty-ive percent of patients with MG have identiiable antiacetylcholine receptor antibodies. Seventy percent of MG patients
without AChR (AChR-MG) antibodies have autoantibodies against
other NMJ proteins such as muscle speciic tyrosine kinase (MuSK,
MuSK-MG). It is likely that seronegative MG patients have low antibody titer levels that are not measurable by current assay techniques.
The autoantibodies damage the muscle membrane by activation of
complement, lysis of the postsynaptic membrane, and loss of postsynaptic folds.17 The thymus may play a central role in the pathogenesis of MG as 90% of MG patients have histologic abnormalities
such as thymoma, thymic hyperplasia, or thymic atrophy.
The clinical hallmark of MG is skeletal muscle weakness. The
weakness is aggravated by repetitive muscle use and there are
periods of exacerbation alternating with remission. Any skeletal
muscle can be affected, although there is a predilection for muscles innervated by cranial nerves. Initial symptoms include diplopia, dysarthria, dysphagia, or limb muscle weakness. Myasthenic
crises occur in 20% to 30% of MG patients and can be precipitated by poor control of MG, emotional stress, hyperthermia, or
pulmonary infections. Myasthenic crisis is characterized by severe
muscle weakness and respiratory failure. Cardiac manifestations
of MG include focal myocarditis, atrial ibrillation, atrioventricular conduction delay, and left ventricular diastolic dysfunction.
Some pregnant patients have a remission during pregnancy
while others (20% to 40%) have increased symptoms during gestation and postpartum respiratory failure can occur. Fifteen percent to twenty percent of neonates born to myasthenic mothers
have transient myasthenia from passive transfer of acetylcholine
receptor antibodies. Neonatal myasthenia begins 12 to 48 hours
after birth and may persist for weeks. Babies from mothers with
MuSK-MG have more severe neonatal myasthenia.
Disease classiication is based on skeletal muscle groups
affected as well as age of onset (Table 23-4). The Osserman staging system is based on the severity of the disease (Table 23-5).
No single test is deinitive for the diagnosis of MG and the
diagnosis is not always obvious. Serologic testing may detect antiAChR or anti-MuSK antibodies. Single iber electromyography is
the most sensitive of the electrodiagnostic tests.18
Treatment includes the administration of cholinesterase
inhibitors (pyridostigmine), corticosteroids, immunosuppressants, intravenous immunoglobulin (IVG), and plasmapheresis.
Cholinesterase inhibitors increase the concentration of acetylcholine (ACh) at the postsynaptic membrane. Consistent control
of MG with only pyridostigmine can, however, be quite challenging. Under-dosing will result in residual muscle weakness and
over-dosing may produce a “cholinergic crisis” characterized
by abdominal pain, salivation, bradycardia, and skeletal muscle
weakness. Corticosteroids (prednisone) are nonspeciic immunosuppressants used when pyridostigmine does not produce
satisfactory control. Azathioprine is the most frequently prescribed

table 23-4. DIFFERENT PRESENTATIONS OF MYASTHENIA GRAVIS
Type

Etiology

Onset

sex

Thymus

Course

Neonatal myasthenia

Neonatal

Both sexes

Normal

Transient

0–2 yr

Male > female

Normal

Juvenile myasthenia

Passage of antibodies from
myasthenic mothers across
the placenta
Congenital end-plate pathology,
genetic autosomal recessive
pattern of inheritance
Autoimmune disorder

2–20 yr

Female > male
(4:1)

Hyperplasia

Adult myasthenia

Autoimmune disorder

20–40 yr

Elderly myasthenia

Autoimmune disorder

>40 yr

Female > male
thymoma
Male > female

Hyperplasia
> within 3–5 yr
Thymoma (benign
or locally
invasive)

Nonluctuating
compatible with
long survival
Slowly progressive,
tendency to relapse
and remission
Maximum severity

Congenital
myasthenia

Rapid progress, higher
mortality

Reproduced from Baraka A: Anesthesia and myasthenia gravis. Can J Anaesth 1992;39:476, with permission.

Type III
Acute, fulminant presentation and/or respiratory dysfunction
Type IV
Severe, generalized myasthenia

50
Normal controls
10
5
Mean  SEM
0.060

0.050

0.040

0.030

1
0.025

Type IIB
Generalized moderate weakness and/or bulbar dysfunction

P  0.005

0.020

Type IIA
Generalized muscle weakness

Myasthenia
gravis

0.015

Type I
Ocular weakness only

95
90

0.010

table 23-5. OSSERMAN STAGING SYSTEM FOR
MYASTHENIA GRAVIS

99

0.005

Management of Anesthesia
The primary concern for anesthesia is the potential interaction
between the disease, treatment of the disease, and anesthetic
3 drugs that may exacerbate muscle weakness. The uncontrolled
or poorly controlled myasthenic patient is exquisitely sensitive
to non-depolarizing muscle relaxants (Fig. 23-4). Small doses of
non-depolarizing relaxants can produce signiicant respiratory
muscle weakness. An anesthetic technique that avoids the use
of muscle relaxants would be preferred. Isolurane, sevolurane,

and deslurane depress neuromuscular transmission and may
provide adequate muscle relaxation for tracheal intubation.21
If muscle relaxation is required, a small dose of a short-acting
non-depolarizer should be used. The use of rocuronium with
reversal with sugammadex is an attractive alternative to reversal
with cholinesterase inhibitors. Although poorly controlled myasthenic patients are resistant to succinylcholine, a dose of 1.5 to
2 mg/kg will be adequate for rapid tracheal intubation. Pyridostigmine may, however, prolong the duration of action of
succinylcholine. Close, objective monitoring of neuromuscular
transmission and clinical effect is necessary. Patients with MG
can be quite challenging to wean from mechanical ventilation.22
Exacerbations of MG should be anticipated during pregnancy.
Epidural analgesia can be used during labor and delivery.23 Amide
local anesthetics may be better than ester local anesthetics as the
metabolism of amides is not affected by cholinesterase activity.

First twitch depression (% maximum)

speciic immunosuppressant for the treatment of MG. Other
immunosuppressants under investigation include cyclosporine,
tacrolimus, mycophenolate, cyclophosphamide, methotrexate,
and rituximib. The administration of IVG and plasmapheresis
are used when rapid treatment is required.19
The role of thymectomy for the treatment of MG remains controversial. Ten percent of MG patients have a thymoma and thymectomy is clearly indicated. Less invasive surgical techniques for
thymectomy such as video-assisted thorascopic surgery (VATS)
produce good results with a low incidence of perioperative complications.20

Vecuronium dose (mg/kg)
Figure 23-4. Dose-response for vecuronium in normal patients and
patients with myasthenia gravis. (Reprinted from: Eisenkraft JB, Book WJ,
Papatestas AE. Sensitivity to vecuronium in myasthenia gravis: A doseresponse study. Can J Anaesth. 1990;37:301–306, with permission.)
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table 23-6. cOMPARISON OF MYASTHENIC SYNDROME AND MYASTHENIA GRAVIS

Manifestations

Gender
Coexisting pathology
Response to muscle relaxants

Myasthenic syndrome

Myasthenia Gravis

Proximal limb weakness (arms > legs)
Strength improves with exercise
Muscle pain common
Relexes absent or decreased
Male > female
Small cell carcinoma of lung
Sensitive to succinylcholine and nondepolarizing
muscle relaxants
Poor response to anticholinesterases

Extraocular, bulbar, and facial muscle weakness
Fatigue with exercise
Muscle pain uncommon
Relexes normal
Female > male
Thymoma
Resistant to succinylcholine
Sensitive to nondepolarizing muscle relaxants
Poor response to anticholinesterases

Reprinted from Stoelting RK, Dierdorf SF, eds: Anesthesia and Co-Existing Disease, 3rd ed. New York, Churchill Livingstone, 1993, with permission.

Myasthenic Syndrome (Lambert–Eaton)
The Lambert–Eaton myasthenic syndrome (LEMS) is an autoimmune disease frequently associated with cancers and is cat4 egorized as a paraneoplastic syndrome.24 Many tumors express
onconeural antigens that resemble normal neural tissue components. Autoantibodies are produced that attack neural tissue. Patients with LEMS have autoantibodies directed against
presynaptic voltage-gated calcium ion channels. This results in a
decreased release of acetylcholine and subsequent muscle weakness. The muscle weakness often appears months to years before
the diagnosis of the malignancy. Small cell lung cancer is most
frequently associated with LEMS. The typical LEMS patient is
a male older than 40 years of age with proximal muscle weakness (hip, shoulder) that affects gait and the ability to stand
and climb stairs (Table 23-6). Autonomic dysfunction with dry
mouth, constipation, erectile dysfunction, and reduced sweating
often occurs. Paraneoplastic neurologic syndrome has also been
reported with breast and ovarian cancers, lymphomas, testicular
cancer, and neuroblastoma.
Treatment of the underlying neoplasm may improve the
neurologic condition. The most effective drug for the treatment
of LEMS associated muscle weakness is 3,4-diaminopyridine.
3,4-diaminopyridine prolongs the presynaptic action potential
and increases the release of acetylcholine. Immunosuppression
with corticosteroids and azathioprine may also be beneicial.
Plasmapheresis and intravenous immunoglobulin may produce
short-term improvement.25

Management of Anesthesia
Patients with LEMS are sensitive to the effects of both depolarizing and non-depolarizing muscle relaxants. The administration of 3,4-diaminopyridine should be continued until the time
of surgery. The possibility of occult muscle weakness should be
considered in any patient with a malignant tumor.

Guillain–Barré Syndrome
(Polyradiculoneuritis)
Guillain–Barré syndrome (GBS) is the acute form of a group
of disorders classiied as the inlammatory neuropathies. Other
diseases in this group include acute inlammatory demyelinating polyneuropathy (AIDP), acute motor axonal neuropathy

(AMAN), acute motor-sensory axonal neuropathy, Miller-Fisher
syndrome, and chronic inlammatory demyelinating polyneuropathy (CIDP).
GBS is an autoimmune disease triggered by a viral or bacterial
infection and is an example of molecular mimicry and crossreactivity. The infectious agent produces a substance that causes
an immune reaction. Unfortunately, that substance resembles a
neural component of the host and autoantibodies develop that
attack the host. Patients with GBS develop antibodies to gangliosides in the peripheral nerves.26 Most patients with GBS have
a history of a respiratory or gastrointestinal infection within
4 weeks of the onset of neurologic symptoms. Infections with
Campylobacter jejuni, Haemophilus inluenzae, Mycoplasma pneumoniae, Epstein-Barr virus, and cytomegalovirus are most frequently associated with GBS. There are sporadic case reports of
GBS or a GBS-like syndrome presenting after surgical procedures.
GBS is characterized by onset of skeletal muscle weakness or
paralysis of the legs. Paresthesias may precede the weakness. The
paralysis progresses cephalad to include muscles of the trunk and
arms with maximal weakness developing 2 to 4 weeks after the
onset. A plateau phase usually develops before recovery begins.
The most serious problem is ventilatory insuficiency and 25% of
patients with GBS will require mechanical ventilation. Although
85% of GBS patients achieve a good recovery, 3% to 5% develop
a chronic, recurrent neuropathy.
Autonomic nervous system dysfunction can produce wide
luctuations in cardiovascular parameters. In a manner similar
to autonomic hyperrelexia, physical stimulation can precipitate
hypertension, tachycardia, and cardiac dysrhythmias.
Plasma exchange and the administration of intravenous
immunoglobulin have been shown to be effective for patients with
GBS.27

Management of Anesthesia
Autonomic nervous system dysfunction may cause hypotension
secondary to postural changes, blood loss, or positive pressure
ventilation. Noxious stimuli such as laryngoscopy and tracheal
intubation may produce exaggerated increases in heart rate and
blood pressure.
Succinylcholine should be avoided because of the danger of
hyperkalemia. This risk may persist after clinical recovery from
GBS.28 A short-acting non-depolarizing muscle relaxant with minimal cardiovascular effects (cisatracurium, rocuronium) would be
a useful choice. The sensitivity to non-depolarizing muscle relaxants may vary from extreme sensitivity to resistance, depending on

the phase of the disease.29 It is likely that mechanical ventilation
may be required in the immediate postoperative period. Patients
with GBS who have pronounced sensory disturbances may beneit
from neuraxial opioids.
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and ataxia can be treated with carbamazepine. Nonspeciic measures include the avoidance of excessive fatigue, emotional stress,
and hyperthermia. Demyelinated ibers are extremely sensitive
to increases in temperature and hyperthermia can block impulse
conduction.

Management of Anesthesia

The effect of surgery and anesthesia on the course of MS is controversial. Some reports have indicated that regional anesthesia and
general anesthesia have been reported to exacerbate MS. Other
Multiple Sclerosis
reports, however, have found no correlation between anesthesia
and the course of the disease. Factors other than anesthesia such
The features of multiple sclerosis (MS) are inlammation and
as infection, hyperpyrexia, and emotional stress may contribute
demyelination in the brain and spinal cord. Although circulatto an increased risk of an exacerbation. Preoperatively, the patient
ing T cells cannot normally penetrate the blood–brain barrier,
should be advised that surgery and anesthesia could produce a
an environmental stimulus (virus) may activate T cells. The actirelapse despite a well-managed anesthetic.
vated T cells cross the blood–brain barrier and initiate an inlamAlthough the mechanism is not known, spinal anesthesia
matory and immunologic attack on myelin.30,31 Demyelination
has been associated with a relapse of MS. It could be speculated
interferes with neural transmission and causes CNS dysfunction.
that demyelinated areas of the spinal cord are more sensitive to
The ability of neural tissue to repair itself during the early phases
the effects of local anesthetics, causing a relative neurotoxicity.
of the disease explains the relapsing nature of MS. There is also
evidence that damage is not restricted to white matter and that 5 Evidence for this theory is found by the observation that higher
concentrations of bupivacaine (0.25%) used for epidural analgegray matter is also affected.
sia were more likely to cause neurologic dysfunction than lower
The symptoms of MS depend on the sites of demyelination.
concentrations.34 With such a precaution, epidural analgesia can
Brainstem involvement can produce nystagmus, diplopia, trigembe
safely provided for women during labor.
inal neuralgia, autonomic dysfunction, and alterations in ventiAutonomic dysfunction may enhance the hypotensive effects
lation that lead to hypoxemia and respiratory failure. Lesions of
of volatile anesthetics. Drug interactions that may be anticipated
the spinal cord produce weakness and paresthesias. The legs are
during the perioperative period include cardiotoxicity from
affected more than the arms. Bowel retention and urinary inconimmunosuppressants, and altered responses to muscle relaxtinence are frequent complaints. The course of MS is characterants. Baclofen increases the sensitivity to nondepolarizing muscle
ized by exacerbations of symptoms at unpredictable intervals over
relaxants and anticonvulsants produce resistance to nondepolara period of years. Patients are classiied during the early phases
izing muscle relaxants. Succinylcholine could produce an exagas either relapsing–remitting (85%) or primary progressive MS.
gerated release of potassium. Respiratory muscle weakness and
Many patients with relapsing–remitting MS develop neurodegenrespiratory control dysfunction increase the likelihood of respiraeration and are categorized as secondary progressive MS. Patients
tory support during the immediate postoperative period.35
with primary progressive MS are devoid of acute episodes, but
develop progressive neurodegeneration. Pregnancy is associated
with improvement of symptoms, but relapse often occurs within
Epilepsy
the irst three postpartum months.
Clinical criteria for the diagnosis of MS include onset between
A seizure is a common manifestation of many types of CNS dis10 and 50 years of age, signs and symptoms of CNS white matease and is the external manifestation of epilepsy. A seizure results
ter disease, two or more attacks separated by a month or more,
from the excessive discharge of large numbers of neurons that
and involvement of two or more non-contiguous anatomic areas.
become depolarized in a synchronous fashion. Epilepsy (idioElevated levels of IgG and albumin in the cerebrospinal luid are
pathic seizures) begins in childhood. The sudden onset of seizures
characteristic of MS. Magnetic resonance imaging (MRI) is a senin an adult may indicate focal brain disease (tumor). The onset
sitive diagnostic tool for MS and provides direct evidence of the
of seizures after 60 years of age can be a result of cerebrovascular
location of demyelinated plaques in the CNS.32
disease, head injury, tumor, infection, or a metabolic disturbance.
Therapy for MS is directed at modulating the immunologic
Although there are many antiseizure drugs, 30% of epileptic
and inlammatory responses that damage the CNS. Current
patients are poorly controlled and sudden death may occur in
therapy for MS includes interferon preparations, glatiramer,
adults with epilepsy since childhood (Table 23-7).36,37 The newer
mitoxantrone, and monoclonal antibodies. Interferon works by
antiseizure drugs target ion channels, GABA receptors, amino
reducing T cell transit across the blood–brain barrier. Glatiramer
acid receptors, and synaptic proteins.38
is a mixture of polypeptides that mimic the structure of myelin
The most frequently encountered types of seizures are:
and serve as a decoy for autoantibodies. Mitoxantrone is related
to the antineoplastic drugs doxorubicin and may be cardiotoxic.
1. Grand mal seizure: A grand mal seizure is characterized by genNatalizumab prevents T cell migration but can produce a fatal
eralized tonic–clonic activity. All respiratory effort is arrested
leukoencephalopathy. The most recent therapeutic breakthrough
and a period of arterial hypoxemia ensures. The tonic phase
in the treatment of MS has been the development of oral agents.33
lasts 20 to 40 seconds and is followed by the clonic phase. In
These include cladribine, ingolimod, laquinimod, terilunomide,
the postictal period, the patient is lethargic and confused.
and dimethyl fumarate. Corticosteroids are still used for acute
Diazepam, thiopental, and propofol are effective for treatment
relapses that do not respond to other medications.
of acute, generalized seizures. Epileptic patients resistant to
Many patients with MS experience chronic pain, including
drug therapy may beneit from surgical resection of a seizure
central neuropathic pain, paresthesias, trigeminal neuralgia, and
focus or implantation of a vagal nerve stimulator (VNS).
spasticity. Symptomatic therapy includes diazepam, dantrolene,
2. Focal cortical seizure: Focal cortical seizures may be motor or
and baclofen for spasticity. Painful dysesthesias, tonic seizures,
sensory depending on the site of neuronal discharge. There
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table 23-7. ANTIEPILEPTIC DRUGS (AED)
CLASSIFIED BY MECHANISM
OF ACTION
Enhance GABAergic System
Barbiturates
Benzodiazepines
Primidone
Tiagibine
Vigabatrin
Affect Cation Channels
Phenytoin
Carbamazepine
Oxcarbazepine
Lamotrigine
Topiramate
Ethosuximide
Valproate
Retigabine
Zonisamide
Antagonists of Excitatory Amino Acids
Felbamate
Lacosamide
Talampanel
Unknown Mechanism of Action
Acetazolamide
Sulthiame
Gabapentin
Pregabalin
Levetiracetam
AEDs for Status Epilepticus
Propofol
Diazepam
Lorazepam
Midazolam
Fosphenytoin

is usually no loss of consciousness, although the focal seizure
may induce a grand mal seizure.
3. Absence seizure (petit mal): Absence seizures are characterized by a brief loss of awareness (30 seconds). Additional
manifestations include staring, blinking, and rolling of the
eyes. Absence seizures typically occur in children and young
adults.
4. Akinetic seizure: Akinetic seizures are a sudden, brief loss of
consciousness and postural tone. These types of seizures usually occur in children and can result in a severe head injury
from the fall.
5. Status epilepticus: Status epilepticus is deined as two consecutive tonic–clonic seizures without regaining consciousness,
or seizure activity that is unabated for 30 minutes or more.
Grand mal status epilepticus may last for more than 48 hours
with a seizure frequency of 4 to 5 per hour and mortality can
be as high as 20%. As the seizure progresses, skeletal muscle
activity diminishes and seizure activity may only be evident
on the EEG. Respiratory effects of status epilepticus include
inhibition of respiratory centers, uncoordinated skeletal muscle activity that impairs ventilation and bronchoconstriction.

Phenobarbital, phenytoin, benzodiazepines, thiopental, and
propofol are good choices for initial therapy. On rare occasions, general anesthesia may be required.

Management of Anesthesia
Most inhaled anesthetics, including nitrous oxide, have been
reported to produce seizure activity. Such activity during the
administration of isolurane and deslurane is extremely rare
as these drugs produce a dose-dependent depression of EEG
activity. Sevolurane may be epileptogenic, although the clinical
signiicance is uncertain.39 Stimulation of hepatic microsomal
enzymes by anticonvulsant drugs may increase the rate of biotransformation of halogenated anesthetics and increase the risk
of organ damage. Ketamine may produce seizure activity and it
would seem reasonable to avoid its use, as there are other suitable
induction agents (e.g., thiopental, propofol, benzodiazepines).
Potent opioids such as fentanyl, sufentanil, and remifentanil may
produce myoclonic activity or chest wall rigidity that may be confused with seizure activity. Despite these concerns, the degree of
preoperative seizure control may be a more important predictor
of perioperative seizures.40 Local anesthetics can decrease the seizure threshold but there is no evidence that regional anesthesia
increases the risk of seizures.41
Side effects of antiseizure medications include leucopenia,
anemia, hepatitis and hepatic failure, pancreatitis, coagulopathy,
cardiotoxicity, hypothyroidism, and skin rash.42 Complications of
vagal nerve stimulators include vocal cord paralysis, facial palsy,
bradycardia/asystole, and airway obstruction.43 Appropriate airway resuscitation equipment and rapid-acting anticonvulsants
such as barbiturates, propofol, and benzodiazepines should be
readily available if a perioperative seizure occurs.

Alzheimer Disease
Alzheimer disease is the major cause of dementia in the United
States and there are over 5 million people in the United States with
the disease. The incidence is 5% in persons over the age of 65 years
and 30% over the age of 85 years. Alzheimer disease is characterized by cognitive impairment, poor decision making, language
deterioration, gait disturbances, seizures, agitation, and psychosis.
A positive diagnosis can, however, only be made at autopsy. Imaging studies show hippocampal atrophy (MRI) and glucose hypometabolism (PET). The deposition of amyloid β peptides appears
to be central to the degeneration and death of neurons. Deposition
of amyloid β peptides produces amyloid plaques and neuroibrillary tangles and activates the apoptotic cell death cascade. There
is no speciic therapy for Alzheimer disease. Initial symptomatic
therapy is with cholinesterase inhibitors (donepezil, rivastigmine,
galantamine) and an NMDA receptor antagonist (memantine).
Cholinesterase inhibitors improve the patient’s ability to perform
daily living activities and may improve cognition. Side effects of
cholinesterase inhibitors include nausea, emesis, bradycardia,
syncope, and fatigue. Antidepressants, anticonvulsants, and antipsychotics are used for neuropsychiatric symptoms as necessary.
A large number of experimental therapies are directed at disease
modifying pathways with immunotherapy, secretase inhibitors,
amyloid aggregators, chelation, and Tau aggregation inhibitors.44

Management of Anesthesia
Animal studies have demonstrated that volatile, halogenated
anesthetics produce neuronal changes that resemble the diseased
neurons of patients with Alzheimer disease. These indings have

caused signiicant controversy about the use of halogenated
anesthetics in neonates and elderly patients.45–47 Any clinical
recommendations concerning the use of halogenated, inhaled
anesthetics are, however, speculative. Postoperative cognitive dysfunction (POCD) is well known in elderly patients, but the causes
remain elusive. Patients and their families should be advised that
POCD can occur.
The selection of anesthetics and techniques will be inluenced
by the patient’s physiologic condition and the degree of neurologic impairment. The patient’s preoperative drug list should
be reviewed for the possibility of interactions with anesthetics.
Patients are likely to be confused and uncooperative because of
dementia. Sedative premedication should be used with caution,
if at all, as mental confusion may worsen. If an anticholinergic is
required, glycopyrrolate, which does not cross the blood–brain
barrier, is preferable to atropine or scopolamine. Patients receiving cholinesterase inhibitors may have a prolonged response to
succinylcholine.

Parkinson Disease
Parkinson disease (PD) is a degenerative CNS disease caused by
a loss of dopaminergic cells in the basal ganglia of the brain. The
characteristic pathologic feature is the presence of Lewy bodies
in the neurons of the substantia nigra. Lewy bodies are aggregations of damaged proteins. The etiology of PD is an interaction of
a genetic predisposition and unidentiied environmental factors.
Other than the well-described postencephalitic PD, there is little
evidence that PD is caused by a virus.48
The clinical effects of PD are caused by dopamine deiciency.
The most characteristic features of PD are resting tremor, cogwheel rigidity of the extremities, bradykinesia, shufling gait,
stooped posture, and facial immobility. These features are secondary to diminished inhibition of the extrapyramidal motor system
as a result of dopamine deiciency. Other clinical features include
seborrhea, sialorrhea, orthostatic hypotension, bladder dysfunction, diaphragmatic spasm, oculogyric crisis, dementia, and mental depression.
Treatment is directed toward increasing dopamine levels in
the brain, but preventing the adverse peripheral effects of dopamine. Levodopa is the single most effective drug for patients with
PD. When administered orally, levodopa is converted to dopamine and causes side effects such as nausea, emesia, and hypotension. To avoid such side effects, levodopa is administered with
carbidopa and entacopone. Carbidopa is a peripheral decarboxylase inhibitor and entacopone is a catechol-O-methyltransferase
inhibitor that increases the bioavailability of levodopa. Other
drugs that improve function are the monoamine oxidase-B inhibitors, selegiline and rasagiline. Dopamine receptor agonists such
as bromocriptine, pramipexole, ropinirole, pergolide, and cabergoline can also be used for the treatment of PD. Pergolide and
cabergoline are ergot-derived drugs that can cause cardiac valvular ibrosis and insuficiency. Implantation of deep-brain stimulators (DBS) may be quite effective for patients with advanced
PD. The therapeutic regimen for patients with PD is complex and
requires a skilled neurologist to individualize therapy.49

Management of Anesthesia
The patient’s medications should be administered on the morning of surgery. The half-life of levodopa is short and interruption
in therapy for more than 6 to 12 hours can result in severe skeletal
muscle rigidity that interferes with ventilation. Consultation with
the patient’s neurologist and continuation of the patient’s drug

621

regimen may avert complications. Apomorphine is a dopamine
agonist that can be administered subcutaneously or intravenously
if oral levodopa cannot be given. Dopamine antagonists such
as phenothiazines, droperidol, and metoclopramide should be
avoided. Alfentanil and fentanyl may produce dystonic reactions
when administered rapidly. The incidence of side effects from
thiopental and propofol is low. Although ketamine could produce an exaggerated sympathetic nervous system response with
resultant tachycardia and hypertension, it has been used without
dificulty in patients with PD. There are no reports of adverse
responses to isolurane, sevolurane, or deslurane. The likelihood
of coexisting heart diseases in elderly patients with PD will inluence the selection of anesthetics and monitoring techniques.50
Anesthetics administered to patients who are receiving monoamine oxidase-B inhibitors (selegiline, rasagiline) are generally
uneventful. There are, however, reports of agitation, muscle rigidity, and hyperthermia in patients receiving selegiline and meperidine. Patients being treated with dopamine agonists may be at
increased risk for neuroleptic malignant syndrome (NMS).
Anesthesia for PD patients undergoing implantation of deep
brain stimulators (DBS) can be challenging. Awake techniques
with sedation and local anesthesia are preferred as intraoperative
testing of the stimulator can be performed. Agitated and uncooperative patients may, however, require general anesthesia. Hypertension, seizures, and interference with other devices can occur.51
Autonomic dysfunction is common. The most consistent
cardiovascular inding is orthostatic hypotension that may be
aggravated by the vasodilatory effects of anti-Parkinson drugs.
Patients with PD are more likely to develop excessive decreases in
blood pressure in response to inhaled anesthetics. Salivation and
esophageal dysfunction are common and patients with PD are at
increased risk for aspiration pneumonitis.
Perioperative respiratory complications are common.52 Upper
airway obstruction may be a result of poor coordination of upper
airway muscles secondary to neurotransmitter imbalance. Some
patients with upper airway obstruction may respond favorably to
anti-Parkinson medications.
Patients with PD are susceptible to postoperative confusion
and hallucinations. These alterations may not appear until 24 to
72 hours after surgery.

Huntington Disease
Huntington disease (HD) is an autosomal dominant inherited
disease characterized by progressive neurodegeneration. HD is
one of the trinucleotide repeat disorders. An increase in cytosine,
adenine, and guanine (CAG) repeat sequences on chromosome
4 is the genetic defect that produces a mutant huntingtin protein. Huntingtin is found in all human cells, but most notably in
brain cell. Neurons from patients with Huntington disease show
abnormal inclusion bodies containing mutant huntingtin and
polyglutamine. Associated with HD is atrophy of the caudate
and putamen. Identiication of the Huntington gene provides
a reliable predictive test; however, the delayed nature of the
clinical manifestations presents legal and ethical concerns about
predictive testing.53
Clinical features include choreiform movements, depression,
and dementia. Onset is typically between 35 and 40 years of age,
but can be as late as 80 years. The disease continues to progress for
several years and depression increases the possibility of suicide.
Death occurs 17 to 20 years after diagnosis and is usually from
malnutrition or aspiration pneumonitis. Hypothalamic atrophy can cause endocrine changes such as elevated cortisol levels,
reduced testosterone levels, and diabetes.
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There is no speciic therapy for HD. Drugs used for the treatment of chorea include tetrabenzine, tiapride, olanzapine, pimozide, risperidone, and luphenazine. Antidepressants are used to
treat psychiatric symptoms.

Management of Anesthesia
The medical literature is sparse with regard to the anesthetic
management of patients with HD. Many of the manifestations of
HD are typical of patients with neurodegenerative disorders. As
the disease progresses, the pharyngeal muscles become dysfunctional and the risk of aspiration pneumonitis increases.54 As for
any patient with a neurodegenerative disease, delayed emergence
and an increased likelihood of respiratory complications must be
anticipated after surgery.
Although there are no speciic contraindications to the use of
inhaled or intravenous anesthetics, recovery from propofol may
be faster than with other intravenous hypnotics. Short-acting
muscle relaxants are preferable to long-acting relaxants. Decreased
plasma cholinesterase activity may prolong the response to succinylcholine. Spinal anesthesia has been successfully used in patients
with HD.

Amyotrophic Lateral Sclerosis
Amyotrophic lateral sclerosis (ALS, Lou Gehrig’s disease) is a
degenerative disease of motor neurons (upper and lower) throughout the CNS. The cause of ALS is unknown and many hypotheses
have been proposed, including glutamate-induced excitotoxicity
and oxidative stress. Ten percent of ALS cases are familial and
90% are sporadic. Progression of the disease is relentless—50% of
patients die within 30 months of the onset of symptoms. Twenty
percent, however, may survive 5 to 10 years.
There are four patterns of clinical presentation: (1) limb onset,
(2) bulbar onset, (3) pure upper motor neuron, and (4) progressive muscular atrophy.55 Signs and symptoms are inluenced by the
affected neurons. Initial symptoms are skeletal muscle weakness
and fasciculation. Dysarthria and dysphagia are a result of bulbar
atrophy. Pulmonary function testing demonstrates a decrease in
vital capacity and maximal voluntary ventilation. Respiratory failure eventually develops and ventilatory support may be required.
The cause of death is respiratory failure or circulatory collapse.
Patients with ALS have autonomic dysfunction as evidenced by
resting tachycardia, orthostatic hypotension, and elevated circulating levels of epinephrine and norepinephrine.
Treatment is largely symptomatic and treatment coordinated
by specialized ALS clinics improves survival. Riluzole, a glutamate release inhibitor, is the only speciic drug for the treatment
of ALS. Riluzole modestly improves survival by 3 to 6 months.

Management of Anesthesia
There is no evidence that a speciic anesthetic technique is best
for patients with ALS. Neuromuscular transmission is markedly
abnormal and ALS patients can be very sensitive to nondepolarizing muscle relaxants. ALS patients should be considered to be
at risk for succinylcholine-induced hyperkalemia. The need for
postoperative ventilatory support is likely.

Creutzfeldt–Jakob Disease
Creutzfeldt–Jakob disease (CJD) is one of a group of diseases
termed the transmissible spongiform encephalopathies. Patho-

logically, these diseases are characterized by vacuolation of brain
cells and neuronal death. There are four types of CJD: Familial
(f CJD), sporadic (s CJD), iatrogenic (iCJD), and variant (vCJD).
CJD is an infection caused by a prion, a small protein devoid of
nucleic acid. PrPc is a naturally occurring protein concentrated
in neurons. PrPsc is a mutant protein with the same amino acid
sequence as PrPc, but with a different conformation. The structure of PrPsc renders the protein resistant to conventional decontamination techniques. CJD is a very rare cause of dementia, but
the discovery of transmission of a prion disease (bovine spongiform encephalopathy, mad cow disease) from cows to humans in
1996 catapulted CJD to prominence. This form is termed variant
CJD (vCJD).56
The clinical characteristics of s CJD are subacute dementia,
myoclonus, and EEG changes. The EEG pattern is relatively characteristic with diffuse slow activity and periodic complexes. Progressive loss of cognitive and neurologic function occurs. Patients
with vCJD present with psychiatric features, such as dysphoria,
withdrawal, anxiety, and insomnia. Neurologic features develop
1 to 2 months after the psychiatric changes commence. Transmission of vCJD is by ingestion of contaminated animal products.
Iatrogenic transmission of iCJD has been linked to contaminated
dural graft material, corneal transplants, contaminated surgical
instruments, pooled human growth hormone, and blood. There is
no speciic treatment for CJD. Investigational therapies are aimed
at preventing prion transmission from the periphery to the CNS
and at neuron regeneration.

Management of Anesthesia
CJD is a transmissible disease and appropriate precautions must
be observed when administering anesthesia. High-risk patient
tissues include brain, spinal cord, cerebrospinal luid, lymphoid
tissue, and blood. Single-use anesthesia supplies, including face
masks, breathing circuits, laryngoscopes, and tracheal tubes offer
the highest degree of protection.57
Patients with degenerative neurologic diseases are prone to
aspiration pneumonitis because they have impaired swallowing
function and decreased laryngeal relexes. Because lower motor
neuron dysfunction occurs in patients with CJD patients, succinylcholine should be avoided. The autonomic and peripheral
nervous systems are adversely affected and abnormal cardiovascular responses to anesthesia and vasoactive drugs can occur.

inheriteD DisorDers
Malignant Hyperthermia
Malignant hyperthermia (MH) is a pharmacogenetic disease
characterized by extreme hypermetabolism when a genetically
susceptible individual is exposed to a triggering agent. The clinical
features are a result of hypermetabolism and include an increase in
end-tidal CO2, tachycardia, tachypnea, metabolic acidosis, muscle
rigidity, and possibly rhabdomyolysis. All potent, inhaled halogenated anesthetics and succinylcholine are triggering agents.58
The history of MH and anesthesia is well known and considerable
progress has been made in the elucidation of the pathophysiology
and genetics of MH.59 The genetics of human MH is, however,
complex, and a simple, noninvasive test for susceptibility is not
yet available.
The inal common pathway that leads to MH is uncontrolled
release and regulation of calcium in muscle sarcoplasm. The
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Figure 23-5. Excitation-contraction
coupling and malignant hyperthermia.
ATP, adenosine triphosphate; FA, fatty
acids; TG, triglycerides.
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calcium release channel in human muscle is the ryanodine receptor (RYR) and mutations in the receptor may cause MH in
susceptible patients. Other mechanisms that inluence skeletal
muscle calcium control may also be defective in patients with MH
(Fig. 23-5).60
The most effective treatment for an MH episode is dantrolene.
Dantrolene may act at multiple sites, including the ryanodine
receptor, to inhibit calcium release into the muscle sarcoplasm.
The discovery that dantrolene was effective for the treatment of
MH has dramatically reduced mortality from MH.

Management of the Acute Malignant
Hyperthermia Episode
2 The key to the successful management of an acute MH episode
is early recognition and prompt treatment with dantrolene. An
6 unexplained increase in expired CO2, tachycardia, tachypnea,
hyperthermia, and metabolic acidosis is highly suspicious for MH.
Discontinuation of potential triggering agents and the administration of dantrolene (2.5 mg/kg) would be prudent. Serial arterial blood gas measurements are helpful for tracking metabolic
acidosis and the response to therapy. Fulminant or unrecognized
MH can cause rhabdomyolysis, hyperkalemia, myoglobinuria,
disseminated intravascular coagulation, and cardiac arrest. Supportive treatment includes hyperventilation, treatment of acidosis, cardiac dysrhythmias, and hyperkalemia, active cooling, and
maintenance of urinary output (Table 23-8).61
The diagnosis of MH is not always obvious. Intraoperative
thyrotoxicosis and sepsis may mimic an MH episode. A clinical
grading system can be used to objectively evaluate a suspected
MH episode and aid in referral of patients for deinitive testing
(Table 23-9).

Management of the MH Susceptible Patient
The gold standard for the diagnosis of malignant hyperthermia
susceptibility (MHS) is the caffeine–halothane contracture test.
The biopsy and test should be performed at an MH diagnostic
center. Molecular genetic testing can supplement the caffeine–

halothane contracture test. Future research may permit the development of a noninvasive, deinitive test for MH.
Anesthesia for the malignant hyperthermia susceptible patient
(MHS) is based on avoidance of triggering agents such as halogenated, inhaled anesthetics and succinylcholine. Despite the
avoidance of triggering agents, MHS patients still require vigilant

table 23-8. TREATMENT OF AN ACUTE EPISODE
OF MALIGNANT HYPERTHERMIA
Discontinue triggering agents
Halogenated, inhaled anesthetics
Succinylcholine
Hyperventilation with 100% oxygen
Administer dantrolene 2.5 mg/kg
Titrate additional dantrolene to heart rate, temperature,
and PaCO2
Serial monitoring of arterial blood gases
Correction of metabolic acidosis with NaHCO3
Control of dysrhythmias
Lidocaine
Avoid calcium channel blockers
Active cooling
Surface ice packs
Body cavity lavage
Cardiopulmonary bypass in severe cases
Cease active cooling when core temperature reaches 38°C
Correction of hyperkalemia
Glucose, insulin, bicarbonate, hyperventilation
Calcium if hyperkalemia causes cardiac dysfunction
Measurement of renal function, liver function, and
coagulation
After acute episode subsides, monitor for recrudescence of
MH, disseminated intravascular coagulation (DIC), and
myoglobinuria
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table 23-9. MALIGNANT HYPERTHERMIA
CLINICAL GRADING SCALE
Process I: Muscle rigidity
Generalized rigidity
Masseter rigidity
Process II: Myonecrosis
Elevated CK >20,000 (after succinylcholine
administration)
Elevated CK > 10,000 (without exposure to
succinylcholine)
Cola-colored urine
Myoglobin in urine >60 mg/L
Blood/plasma/serum K+ >6 mEg/L
Process III: Respiratory acidosis
Petco2 >55 with controlled ventilation
Paco2 >60 with controlled ventilation
Petco2 >60 with spontaneous ventilation
Inappropriate hypercarbia
Inappropriate tachypnea
Process IV: Temperature increase
Rapid increase in temperature
Inappropriate temperature >38.8°C in
perioperative period
Process V: Cardiac involvement
Inappropriate tachycardia
Ventricular tachycardia or ibrillation

15
15
15
15
10
5
3
15
15
15
15
10
15
10

3
3

CK, creatine kinase.
See Larach, et al.93 for full details of this scoring system. Briely, a case may receive
15 points for the worst presentation in ive of the irst six categories. A Sum of
more than 50 points is termed D6, almost certainly a case of malignant hyperthermia (MH). A sum of 35 to 49 points is D5, very likely to be a case of MH.

monitoring during the perioperative period as MH can present
with a variety of clinical patterns. There are also rare reports of
stress induced MH in humans.
The anesthesia machine requires preparation prior to use
for MHS patients. Some institutions have maintained machines
with no previous exposure to volatile anesthetics. The Malignant
Hyperthermia Association of the United States (MHAUS) has
recommendations for purging anesthesia machines to reduce
trace concentrations of volatile anesthetics to acceptable levels.
Insertion of activated charcoal ilters into the inspiratory and
3 expiratory limbs of the anesthesia circuit rapidly reduces the concentration of trace volatile anesthetics.62
Drugs considered safe for MHS patients include thiopental,
propofol, midazolam, diazepam, opioids, cisatracurium, atracurium, rocuronium, vecuronium, pancuronium, neostigmine, and
glycopyrrolate (Table 23-10). Regional anesthesia is also suitable
for MHS patients. Dantrolene does not have to be administered
preoperatively, but must be readily available.

Porphyria
There are eight disorders of heme synthesis in the group of
diseases called porphyria. Heme is used for the synthesis of
hemoglobin in erythropoietic cells and the production of cytochromes in the liver. The porphyrias are caused by defects in
the synthetic pathway of heme that lead to the accumulation of

table 23-10. SAFE VERSUS UNSAFE DRUGS IN
MALIGNANT HYPERTHERMIA
safe Drugs

Unsafe Drugs

Antibiotics
Antihistamines
Barbiturates
Benzodiazepines
Droperidol
Ketamine
Local anesthetics
Nitrous oxide
Nondepolarizing neuromuscular
blockers
Opioids
Propofol
Propranolol
Vasoactive drugs

All halogenated inhaled
anesthetics
Succinylcholine

toxic intermediates.63 The three acute porphyrias that can produce clinically signiicant attacks that are of the most interest
to anesthesiologists are: Acute intermittent porphyria, variegate
porphyria, and coproporphyria.
Acute intermittent porphyria (AIP) is caused by a deiciency
of porphobilinogen deaminase with the accumulation of deltaaminolevulinic acid. AIP typically occurs in the young adults and
is more common in women. The clinical features of AIP are fever,
tachycardia, nausea, emesis, abdominal pain, weakness, seizures,
confusion, and hallucinations. Muscle weakness can be so severe
that respiratory failure develops. Hyponatremia may occur secondary to inappropriate secretion of ADH. The mental changes
that occur during an acute episode are often misdiagnosed as a
primary psychiatric disease. Rarely, severe hypertension and
encephalopathy develop. Attacks may last for 1 to 2 weeks. Skin
lesions do not develop in patients with AIP. Attacks may be triggered by hormonal changes during the menstrual cycle, fasting,
infections, and exposure to triggering drugs. Treatment consists
of removal of triggering factors, avoidance of porphyrinogenic
drugs, and resolution of underlying infection. Speciic therapy for
acute episodes is the intravenous infusion of human hemin solution that inhibits 5-aminolevulinic acid synthase and decreases
excretion of porphobilinogen. Liver transplantation has been
effective for patients with severe AIP.
Patients with variegate porphyria and hereditary coproporphyria may develop acute attacks. Skin lesions typically
develop with variegate porphyria and occasionally with hereditary coproporphyria. Toxic metabolite levels are not as high
as with AIP.

Management of Anesthesia
The main goals of anesthesia are to avoid triggering drugs in susceptible patients. Susceptible patients, however, are rarely identiied preoperatively and the triggering potential of some drugs
is unknown. More than 300 mutations in the heme synthesis
pathway have been identiied and many variations in clinical
response may occur. A drug that may be non-triggering in one
patient may serve as a trigger in another. Anesthesia drugs that
should deinitely be avoided are the barbiturates and etomidate
(Table 23-11). Short-acting drugs that are rapidly eliminated

table 23-11. DRUGS KNOWN TO PRECIPITATE
PORPHYRIA
Sedatives
Barbiturates
Etomidate
Chlordiazepoxide
Diazepam, lorazepam,
midazolam
Glutethimide
Analgesics
Pentazocine
Antipyrine
Aminopyridine
Ropivacaine
Anticonvulsants
Phenytoin
Methsuximide

Antibiotics
Sulfonamides
Chloramphenicol
Hypoglycemic Sulfonylureas
Tolbutamide
Chlorpropamide
Toxins
Lead
Ethanol
Miscellaneous
Ergot preparations
Amphetamines
Methyldopa

are preferred. Propofol, isolurane, sevolurane, deslurane, fentanyl, morphine, and ketamine have been administered without
apparent complications. Succinylcholine, cisatracurium, and
rocuronium are acceptable for muscle relaxation. Regional anesthesia may be administered as well.

Cholinesterase Disorders
Plasma cholinesterase (pseudocholinesterase, butyrylcholinesterase) is an enzyme synthesized in the liver. This enzyme hydrolyzes
succinylcholine, mivacurium, procaine, chloroprocaine, tetracaine, and cocaine. Individuals may exhibit prolonged duration
of action with these drugs, especially succinylcholine. The most
signiicant complication for the anesthesiologist is prolonged
apnea after succinylcholine. The molecular genetics of cholinesterase inheritance is not simple, as 20 variants have been described.
Some variants produce cholinesterase with very little activity and
succinylcholine-induced paralysis may last for several hours.
Individuals with other variants may have a prolongation of succinylcholine activity that is not clinically discernible. A few genetic
variants produce a cholinesterase that accelerates the hydrolysis of
succinylcholine, thereby producing a shorter duration of action.
Individuals with genetically deicient plasma cholinesterase activity are not known to have other pathologic conditions. There is
some evidence that plasma cholinesterase variants in some ethnic 7
groups may impart a protective effect against atherosclerosis.
Acquired deiciencies of cholinesterase activity are most notably
caused by liver disease. Other diseases associated with decreased

cholinesterase activity include carcinomas, uremia, collagen vascular diseases, malnutrition, and myxedema. Plasma cholinesterase
activity, however, must be decreased by more than 75% for there
to be a clinically signiicant decrease in succinylcholine hydrolysis.
Drugs that may interfere with succinylcholine metabolism include
neostigmine, pyridostigmine, ecothiophate, cyclophosphamide,
chlorpromazine, and organophosphate insecticides.

Management of Anesthesia
Preoperative knowledge of a plasma cholinesterase abnormality
allows the anesthesiologist to avoid the use of drugs hydrolyzed
by cholinesterase and the course of anesthesia will be uneventful. The usual clinical presentation, however, of a cholinesterase
abnormality is prolonged apnea after succinylcholine. Apnea can
be very prolonged if additional succinylcholine is administered
after tracheal intubation or a non-depolarizing muscle relaxant
is given followed by reversal with neostigmine. A prudent clinical practice is to be certain that recovery from the initial dose of
succinylcholine has occurred before administering more muscle
relaxant. Mechanical ventilation and adequate sedation should
be continued until full recovery of neuromuscular function is
assured.
If prolonged apnea after succinylcholine occurs, laboratory
testing should be performed after the patient has fully recovered.
Inheritance of atypical cholinesterase in most patients is classic
and there are three genotypes: Normal (EuEu), heterozygous
(EuEa), and homozygous abnormal (EaEa). The two tests that
will provide the most information are a cholinesterase activity
level and the dibucaine number (Table 23-12).

Glycogen Storage Diseases
The glycogen storage diseases (GSD) are inherited disorders
caused by abnormalities of enzymes that regulate glycogen synthesis and breakdown. Glycogen is a complex storage form of
glucose found in the liver and muscle. Glucose absorbed by the
liver is phosphorylated by glucokinase and elongated into chains
by glycogen synthetase for storage. During periods of fasting,
hepatic glycogen phosphorylase and glucose-6-phosphatase
cleave glucose from glycogen and release glucose into the circulation (Fig. 23-6).
The GSD are rare diseases (incidence 1:200,000–1:400,000)
and there are several types with various manifestations. There are,
however, three features common to all types of GSD:
1. Acidosis secondary to fat and protein metabolism
2. Risk of hypoglycemia secondary to the failure to metabolize
glycogen to glucose
3. Cardiac and hepatic dysfunction secondary to destruction of
normal tissue by accumulated glycogen.

table 23-12. CLASSIC CHOLINESTERASE GENOTYPES

Genotype
Normal (EuEu)
Heterozygote (EuEa)
Homozygote (EaEa)
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Cholinesterase
Activity

Dibucaine
Number

++++
++
+

78–86
51–70
18–26

succinylcholine
Apnea (min)
5
15
120–300
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Figure 23-6. Simplified pathway of glycogen synthesis and degradation. (From: Ozen H.
Glycogen storage diseases: New perspectives.
World J Gastroenterol. 2007;13:2541–2553.)
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Management of Anesthesia
Guidelines for anesthesia for patients with GSD include careful
monitoring of glucose and provision of exogenous glucose during
fasting periods and evaluation of cardiac and hepatic function.
The degree of organ dysfunction varies among the different types
of GSD.
Type I (von Gierke disease, glucose-6-phosphatase deiciency): These
patients do not tolerate fasting and should have preoperative
intravenous glucose luid therapy. Hypoglycemia, acidosis,
and seizures are common. Platelet dysfunction may occur.
Cardiac dysrhythmias and cardiac arrest may occur secondary
to lactic acidosis.
Type II (Pompe disease, lysosomal acid glucosidase deiciency): The
infantile form has an extremely poor prognosis and cardiac
arrest can occur during the perioperative period.64,65 Regional
anesthesia may be an attractive alternative to general anesthesia for infants with Pompe’s disease. Glycogen iniltration of
cardiac muscle causes concentric hypertrophy. Measurement
of left ventricular mass by echocardiography provides a good
estimate of left ventricular hypertrophy. Changes in preload,
afterload, heart rate, and diastolic blood pressure can lead to
cardiac arrest.
Type III (Forbes or Cori disease, glycogen debranching enzyme deiciency): Hepatomegaly, muscle weakness, and cardiomyopathy
are common. Fasting causes ketotic hypoglycemia. Anesthetic
considerations include macroglossia, hypotonia, increased

Fatty Acids

Triglyceride

sensitivity to non-depolarizing muscle relaxants, and hypertrophic cardiomyopathy.
Type IV (Andersen disease, branching enzyme deiciency): Glycogen accumulates in the liver, heart, muscle, and nerves. Clinical manifestations are diverse. The severe infantile form is
characterized by hepatosplenomegaly, cirrhosis, hypotonia,
and failure to thrive. Manifestations of progressive forms
include cirrhosis, portal hypertension, esophageal varices,
and dilated cardiomyopathy. A neuromuscular variant with
sensory and motor deicits, weakness, and dementia has been
described.
Type V (McArdle disease, muscle glycogen phosphorylase deiciency):
Muscle cramping with exercise is characteristic of McArdle
disease. Rhabdomyolysis and myoglobinuria can occur after
exertion or succinylcholine administration. Rhabdomyolysis
may occur after cardiopulmonary bypass. Tourniquets should
be avoided.
Type VI (Hers disease, hepatic phosphorylase deiciency): Relatively
benign disease with normal muscle and cardiac physiology.
Symptoms improve with age.
Type VII (Tarui disease, muscle phosphofructokinase deiciency):
Clinical manifestations with muscle cramps, exercise intolerance, and episodic myoglobinuria are similar to those of
McArdle disease. No hepatic or cardiac involvement.
Type IX (hepatic glycogen phosphorylase kinase deiciency): Patients
have short stature, hypotonia, muscle cramping, and exertional myoglobinuria.

Type XI (Fanconi–Bickel syndrome, glucose transporter enzyme
deiciency): Patients have short stature, hepatomegaly, fasting
hypoglycemia, and proximal renal tubular acidosis.
Type 0 (hepatic glycogen synthase deiciency): Type 0 is characterized by short stature, fasting hypoglycemia, seizures, and
severe developmental delay. Preoperative fasting may cause
severe ketotic hypoglycemia.

Mucopolysaccharidoses
The mucopolysaccharidoses (MPS) are the result of a deiciency
of lysosomal enzymes that cleave mucopolysaccharides (glycosaminoglycans). An accumulation of mucopolysaccharides occurs
in the brain, heart, liver, bone, cornea, and tracheobronchial tree.
There are seven types and several subtypes of MPS (Table 23-13).
The clinical manifestations may be severe and present in infancy
or may be mild and become evident in adulthood.
The musculoskeletal manifestations are the most visible and
include coarse facial features (gargoylism), stiff joints, chest
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deformity (thoracolumbar kyphoscoliosis), and dwarism. Iniltration and opaciication of the cornea causes visual impairment.
Imaging of the cervical spine may reveal asymptomatic odontoid
hypoplasia.
Deposition of mucopolysaccharides in cardiac valves, coronary arteries, and myocardium can cause valvular dysfunction,
cardiac dysrhythmias, myocardial ischemia, dilated cardiomyopathy, and narrowing of the great vessels.66 Echocardiography
can provide useful information about valvular and ventricular
function.
Upper airway abnormalities include macroglossia, epiglottic stiffness, tracheal compression, and bronchial narrowing.
Obstructive sleep apnea secondary to adenotonsillar hypertrophy
may require excision of tonsils and adenoids, uvulopalatoplasty,
or tracheostomy.
There is no speciic therapy for MPS. Enzyme replacement
therapy, stem cell transplantation, and bone marrow transplantation have been employed with some success. Most therapy is
directed at reducing the impact of mucopolysaccharide deposition on organ function.

table 23-13. CLASSIFICATION OF MUCOPOLYSACCHARIDOSES
Type I (H)
Eponym: Hurler
Enzyme defect: α-L-iduronidase
Clinical features: Macrocephaly, coarse facies, short neck,
odontoid hypoplasia, macroglossia, cardiomegaly, mitral
regurgitation, coronary intimal thickening, cardiomegaly,
mental retardation, death <14 years of age
Type I (S)
Eponym: Scheie
Enzyme defect: α-L-iduronidase
Clinical features: Normal intelligence, mild coarse facies,
macroglossia, prognathia, short neck, aortic regurgitation
Type I (H/S)
Eponym: Hurler—Scheie
Enzyme defect: α-L-iduronidase
Clinical features: Macrocephaly, macroglossia, micrognathia,
coarse facies, short neck, mitral and aortic regurgitation
Type II
Eponym: Hunter
Enzyme defect: Iduronidate-2-sulfatase
Clinical features: Variable course, survival to adulthood, +/–
mental retardation, macrocephaly, coarse facies, short neck,
hydrocephalus, ischemic cardiomyopathy
Type IIIA
Eponym: San Filippo
Enzyme defect: Heparan-N-sulfatase
Clinical features: Aggressive behavior, coarse facies, short
stature, lumbar vertebral dysplasia, minimal to no cardiac
effects
Type IIIB
Eponym: San Fillippo
Enzyme defect: α-N-acetyl-glucose-amidase
Clinical features: Progressive dementia, seizures, survival to
second or third decade, mild coarse facies, stiff joints, gait
disturbance, minimal to no cardiac effects

Type IIIC
Eponym: San Filippo
Enzyme defect: α-N-acetyl-glucose aminidase,
N-acetyltransferase
Clinical features: Mild coarse facies, stiff joints, gait disturbance,
minimal to no cardiac effects
Type IIID
Eponym: San Filippo
Enzyme defect: N-acetyl-glucosamine-6-sulfatase
Clinical features: Coarse hair, normal stature, mild coarse facies,
stiff joints gait disturbance, minimal to no cardiac effects
Type IVA
Eponym: Morquio
Enzyme defect: N-acetyl-galastosamine-6-sulfatase
Clinical features: Trunk type dwarism, skeletal dysplasia, short
stature, mild coarse facies, joint laxity, odontoid hypoplasia,
short neck,
C1-C2 subluxation, aortic regurgitation
Type IVB
Eponym: Morquio
Enzyme defect: β-galactosidase
Clinical features: same as type IVA
Type VI
Eponym: Maroteaux–Lamy
Enzyme defect: N-acetyl-galactosamine-4-sulfatase
Clinical features: Hurler appearance, normal intelligence,
macrocephaly, coarse facies, macroglossia, odontoid
hypoplasia, short stature, mitral and aortic regurgitation
Type VII
Eponym: Sly
Enzyme defect: β-glucuronidase
Clinical features: Macrocephaly, coarse facies, odontoid
hypoplasia, stiff joints, short stature, mitral and aortic
regurgitation, aortic dissection
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Management of Anesthesia
Preoperative evaluation is focused on examination of the upper
airway and assessment of cardiopulmonary function. Airway management can be quite challenging. Dificult laryngoscopy should be
anticipated and the risk of airway complications including failed
intubation and death are increased.67 Laryngoscopy is complicated
by thick, noncompressible soft tissue of the upper airway, macroglossia, copious airway secretions, and bony deformities of the
head and neck. Overextension of the neck during laryngoscopy in
patients with odontoid hypoplasia increases the risk of spinal cord
compression. Variable success has been reported with supraglottic airways and videolaryngoscopes. All options for airway management should be readily available. Postobstructive pulmonary
edema has been reported in patients with MPS.

table 23-14. TYPES OF OSTEOGENESIS
IMPERFECTA
Type 1
Inheritance: Autosomal dominant
Severity: Mild, nondeforming, long-term survival
Manifestations: Increased risk of fractures, short stature,
blue sclerae, hearing impairment
Special anesthetic considerations: Abnormal dentition
Type II
Inheritance: Autosomal dominant
Severity: Death in utero or within irst month of life
Manifestations: Multiple in utero fractures, micromelia,
small thorax, respiratory failure
Special anesthetic considerations:
Type III
Inheritance: Autosomal dominant
Severity: Progressive deforming, death in the second to
fourth decade of life
Manifestations: Multiple fractures, growth retardation,
kyphoscoliosis, vertebral compression
Special anesthetic considerations: Airway anomalies
Type IV
Inheritance: Autosomal dominant
Severity: Moderately deforming, long-term survival
Manifestations: In utero fractures, fractures with minor
trauma, bowing of lower extremities with weight bearing
Special anesthetic considerations: Abnormal dentition,
midface and mandibular deformity
Type V
Inheritance: Autosomal dominant
Severity: Moderately deforming, long-term survival
Manifestations: In utero fractures, fractures with minor
trauma, bowing of lower extremities with weight bearing
Special anesthetic considerations: Midface and mandibular
deformity
Type VI
Inheritance: Autosomal recessive
Severity: Moderately to severely deforming, long-term
survival
Manifestations: In utero fractures, fractures with minor
trauma, bowing of lower extremities with weight bearing
Special anesthetic considerations: Midface and mandibular
deformities

Cardiac involvement will inluence the selection of anesthetic
technique and choice of intraoperative monitors. Careful preoperative assessment of cardiac function is required for patients
with certain types of MPS (e.g., Hurlers).
The variability of clinical abnormalities in patients with MPS
requires individualized treatment of each patient. Some types of
MPS produce severe airway and cardiac effects, while other types
cause only minor dysfunction.

Osteogenesis Imperfecta
Osteogenesis imperfecta (OI) is a genetic disease that results from
defective synthesis of type I collagen. Type I collagen is the primary component of the extracellular matrix of bone and skin.
There are six types of OI and ive of the six are inherited as autosomal dominants and one is autosomal recessive (Table 23-14).
OI may produce only mild symptoms in some patients and
can be fatal early in life in others. OI is a multisystem disease
that manifests with brittle, easily fractured bones, osteoporosis,
kyphoscoliosis, joint laxity, blue sclera, and tendon weakness.
Cardiovascular abnormalities include mitral and aortic regurgitation, aortic dilation, and aortic dissection. Central nervous
system manifestations such as headache, cranial nerve dysfunction, nystagmus, and quadriparesis can be secondary to craniovertebral instability, atlantoaxial subluxation, and hydrocephalus.
Defective platelet aggregation can cause a coagulopathy.

Management of Anesthesia
Preoperative evaluation should focus on the airway and cervical range of motion. An echocardiogram may be indicated
if there is a history or aortic dilation or valvular insuficiency.
Megalocephaly and a short neck can make direct laryngoscopy
dificult and alternative intubation techniques may be required.
Great care must be taken with patient positioning to minimize
the risk of bone fractures. Induction of anesthesia can be performed with inhalation or intravenous techniques. Regional
anesthesia is generally avoided because of the risk of spinal
damage; however, caudal analgesia has been used in selected
patients.68 Mild intraoperative temperature elevation can occur
in OI patients. There is, however, no evidence that OI patients
are at increased risk for malignant hyperthermia.69

aneMias
Anemia is an absolute or relative deiciency in the concentration
of circulating red blood cells. Anemias are classiied as nutritional,
hemolytic, and genetic (Table 23-15). Compensatory mechanisms develop to offset the decreased oxygen carrying capacity
of the blood (Table 23-16). In a healthy patient, symptoms do
not develop until the hemoglobin level decreases below 7 g/dL.
Symptoms are variable and depend on concurrent disease processes. There is no universally accepted hematocrit that demands
transfusion. The patient’s physiologic condition and coexisting
diseases must be factored into a subjective decision.

Nutritional Deficiency Anemias
The three primary causes of nutritional deiciency anemia are
iron deiciency, vitamin B12 deiciency, and folic acid deiciency.
Chronic illness, cancer, and poor dietary intake can result in

table 23-15. TYPES OF ANEMIA
Nutritional
Iron deiciency
Vitamin B12 deiciency
Folic acid deiciency
Anemia of chronic illness
Hemolytic
Spherocytois
Glucose-6-phosphate dehydrogenase deiciency
Immune-mediated
Drug-induced ABO incompatibility
Hemoglobinopathies
Hemoglobin S (sickle cell)
Thalassemia major (Cooley’s anemia)
Thalassemia intermedia
Thalassemia minor

nutritional anemia. Seventy-ive percent of critically ill patients
are anemic. Hepcidin, a peptide secreted by the liver, inhibits erythropoiesis by suppressing the release of iron.70 Hepcidin
production is increased during inlammation and can produce
anemia in chronically ill patients. The development of hepcidin
antagonists might be effective for correction of anemia in critically ill patients without transfusion.
Iron deiciency anemia produces a microcytic, hypochromic
red blood cell (RBC). Iron deiciency anemia may be an absolute
deiciency secondary to decreased oral intake or a relative deiciency caused by a rapid turnover of RBCs (e.g., chronic blood
loss, hemolysis).
Megaloblastic anemia can be caused by vitamin B12 (cobalamin) deiciency, folate deiciency, or refractory bone marrow
disease. Absorption of vitamin B12 by the gastrointestinal tract
depends on the release of intrinsic factor, a glycoprotein secreted
by gastric parietal cells. Atrophy of gastric mucosa causes vitamin
B12 deiciency and megaloblastic anemia. Chronic gastritis and
gastric atrophy may be caused by autoantibodies to gastric parietal cells. Vitamin B12 deiciency can also interfere with myelination and cause CNS dysfunction. The typical clinical presentation
is a peripheral neuropathy with symmetric loss of proprioception
and vibratory sensation in the lower extremities. These abnormalities are secondary to degeneration of the lateral and posterior
spinal cord columns. Administration of parenteral vitamin B12
reverses both the hematologic and neurologic changes in adults.
The neuropathy of vitamin B12 deiciency must be considered

table 23-16. COMPENSATORY MECHANISMS
TO INCREASE OXYGEN DELIVERY
WITH CHRONIC ANEMIA
Increased cardiac output
Increased RBC 2,3-diphosphoglycerate
Increased P-50
Increased plasma volume
Decreased blood viscosity
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when regional or peripheral nerve blocks are performed. The
clinical effect of nitrous oxide on vitamin B12 metabolism is controversial. Nitrous oxide inactivates the vitamin B12 component of
methionine synthetase and prolonged exposure to nitrous oxide
produces megaloblastic anemia and neurologic changes similar to
pernicious anemia. In susceptible patients (chronic illness, elderly
patients), there is also evidence that an exposure of short duration can cause megaloblastic red cell changes.71 Whether nitrous
oxide causes postoperative neurologic dysfunction is controversial; however, the number of case reports of neuropathy associated with nitrous oxide exposure has increased.
Folic acid deiciency also produces megaloblastic anemia.
Peripheral neuropathy may occur, but is not as common as with
vitamin B12 deiciency. Causes of folic acid deiciency include alcoholism, pregnancy, and malabsorption syndromes. Methotrexate
and phenytoin are known to interfere with folic acid absorption.

Hemolytic Anemias
The life span of a normal erythrocyte is 120 days. Abnormalities
in the erythrocyte may result in premature destruction and hemolysis of the cell. Causes of hemolytic anemia include structural
erythrocyte abnormalities, enzyme deiciencies, and immunemediated hemolysis.

Hereditary Spherocytosis
Spherocytosis, elliptocytosis, pyropoikilocytosis, and stomatocytosis are four types of hereditary membrane defects resulting in
abnormally shaped red blood cells (RBC).
Spherocytosis is the most common of the RBC membrane
defects and is caused by an abnormality in the proteins that form
the skeleton of the RBC membrane. The RBC is rounded and more
fragile than the normal biconcave RBC. The spleen destroys the
abnormal RBCs and chronic anemia develops. Cholelithiasis from
chronic hemolysis and elevation of the serum bilirubin occur.
Hemolytic crises accompanied by anemia, emesis, and abdominal
pain can be triggered by infection or folic acid deiciency.
Splenectomy has been the treatment of choice for patients with
hereditary spherocytosis. Splenectomy is usually delayed until the
patient is 6 years of age to decrease the risk of post-splenectomy
infection. More recent evidence suggests that splenectomy carries a lifelong increased risk of infection and an increased risk of
adverse vascular events such as myocardial infarction, stroke, pulmonary embolism, and portal vein thrombosis.

Glucose-6-phosphate Dehydrogenase Deficiency
Glucose-6-phosphate dehydrogenase (G6PD) is the most common enzymopathy in humans and aflicts 400 million people
worldwide. G6PD deiciency may confer malarial resistance and
the distribution of this variant parallels the distribution of malaria.
African-Americans, Africans, Asians, Indians, and Mediterranean
populations are susceptible to G6PD deiciency. G6PD initiates
the pentose monophosphate shunt that begins the metabolism of
glucose in the RBC. This pathway in which glucose is converted
to pentoses and nicotinamide-adenine dinucleotide phosphate
(NADPH) is abnormal and without NADPH, the RBC is vulnerable to damage by oxidation. A deiciency of G6PD results in
decreased levels of glutathione when the RBC is exposed to oxidants. This increases the rigidity of the RBC membrane and accelerates clearance of the cell from the circulation. The biochemistry
of G6PD deiciency is complex and more than 400 biochemical
variants of G6PD have been identiied.72 There are ive classes
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table 23-17. DRUGS THAT CAN PRODUCE
HEMOLYSIS IN PATIENTS
WITH GLUCOSE-6-PHOSPHATE
DEHYDROGENASE DEFICIENCY
Phenacetin
Aspirin (high doses)
Penicillin
Streptomycin
Chloramphenicol
Sulfacetamide
Sulfanilamide
Sulfapyridine

Nalidixic acid
Isoniazid
Primaquine
Quinine
Quinidine
Doxorubicin
Methylene blue
Nitrofurantoin

of G6PD deiciency based on the G6PD enzyme activity: Class I:
Severely deicient (chronic hemolytic anemia), Class II: 1% to 10%
activity, Class III: 10% to 60% activity, Class IV: 60% to 150%
activity, and Class V: >150% activity.
The primary clinical manifestation is acute hemolysis that can
be triggered by conditions that place oxidative stress on RBCs:
Infection, drug exposure, or ingestion of fava beans. Signs and
symptoms include anemia, headache, substernal and abdominal
pain, back pain, jaundice, tachycardia, and fatigue.
There are a number of drugs and chemicals (naphthalene) that
enhance the destruction of RBCs in patients with G6PD deiciency
(Table 23-17). Because of variation in G6PD deiciencies, the
severity of clinical manifestations is also highly variable. Hemolysis typically begins 2 to 5 days after drug exposure. The hemolysis is self-limited as only the older RBCs are affected. Some drugs
produce hemolysis only with high doses (e.g., aspirin). Patients
with G6PD deiciency are unable to reduce methemoglobin produced by sodium nitrate; therefore, sodium nitroprusside and
prilocaine should not be administered. Anesthetic drugs have not
been implicated as hemolytic agents; however, early postoperative
evidence of hemolysis might suggest a G6PD deiciency.73

Pyruvate Kinase Deficiency
Pyruvate kinase (PK) is a glycolytic enzyme in the Embden–
Meyerhof pathway that produces pyruvate and adenosine triphosphate (ATP). A deiciency of PK results in potassium leakage from the RBC membrane, thereby increasing its rigidity and
accelerating RBC destruction by the spleen.
Clinically, the PK deicient patient exhibits anemia, cholelithiasis, and splenomegaly. The degree of anemia varies from very mild
to a severe, transfusion, dependent anemia. These clinical features
are very similar to those in patients with spherocytosis. There are
no special considerations for anesthesia other than those for any
patient with chronic anemia.

Immune Hemolytic Anemia
The immune hemolytic anemias are characterized by immunologic alterations in the RBC membrane and are caused by infection,
disease, or RBC sensitization. There are three types of immune
hemolytic anemia: Autoimmune, drug-induced, and alloimmune
(RBC sensitization). Mechanisms of immune hemolytic anemia
can be complex and of many types. Autoimmune hemolytic anemia includes both warm and cold antibody hemolytic anemia.
Cold autoimmune hemolytic anemia is of special concern to the

anesthesiologist because of the likelihood that the cold operating room environment or hypothermia during cardiopulmonary
bypass (CPB) may initiate hemolysis. Cold hemagglutinin disease is caused by IgM autoantibodies that react with I antigens of
RBCs. Plasmapheresis to reduce the titer of cold antibody is recommended before hypothermic procedures such as CPB. Collagen
vascular diseases, solid organ transplantation, blood transfusion,
neoplasia, and infection can produce immune hemolysis by a variety of mechanisms including warm and cold antibody mediated
hemolysis.
There are three types of drug-induced immune hemolysis: Autoantibody, hapten-induced, and immune complex.74
Hemolysis induced by α-methyldopa is of the autoimmune
type mediated by an IgG antibody that does not ix complement. The hapten-induced type is characteristic of a penicillin
reaction. The immune complex type can occur after the administration of antimalarials, sulfonamides, isoniazid, phenacetin,
acetaminophen, cephalosporins, tetracyclines, hydralazine, and
hydrochlorothiazide.
The classic example of alloimmune hemolysis (RBC sensitization) is hemolytic disease of the newborn produced by Rh sensitization. An Rh-negative mother with Rh antibodies produces
hemolysis in an Rh-positive fetus. Differences in fetal and maternal ABO groups may cause hemolysis. This is unusual, however,
because A and B antibodies are of the IgM class and do not readily
cross the placenta.
Treatment of immune hemolytic anemia is initially with corticosteroids. Splenectomy and rituximab are effective in some
patients.

Hemoglobinopathies
Hemoglobinopathies are diseases cause by genetic errors in
hemoglobin synthesis. Normal hemoglobin is composed of four
globin subunits: Two alpha (α) globins, and an additional globin
pair that can be beta (β ), delta (δ ), or gamma (γ ). Table 23-18
lists the many types of hemoglobin that may occur.
Illness is caused by anemia, accumulation of inappropriate
hemoglobin precursors, immunocompromise, tissue infarction,
and inlammation.
Many hemoglobinopathies convey survival protection in
endemic malaria areas by decreasing RBC life span and promoting RBC turnover. The most common hemoglobinopathies are
sickle cell disease (SCD), hemoglobin C, and the thalassemias.
SCD and thalassemia together represent the most common severe
genetic disorders in the world. The incidence of SCD is 1 in 600
and 8% to 10% of African-Americans have sickle cell trait.

table 23-18. TYPES OF HEMOGLOBIN
Hemoglobin

structure

Clinical setting

Hemoglobin A
Hemoglobin A2
Hemoglobin F
Hemoglobin S
Hemoglobin C
Hemoglobin E
Hemoglobin Bart’s
Hemoglobin H

α 2β 2
α 2δ 2
α 2γ 2
α 2βS2
α 2βC2
α 2β E2
γ4
β4

Normal adult hgb
Normal adult hgb variant
Normal fetal hemoglobin
Sickle cell hemoglobin
Hemoglobin C
Hemoglobin E
β thalassemia
α thalassemia

table 23-19. MECHANISMS OF CELLULAR
AND TISSUE INJURY IN SICKLE
CELL DISEASE
Erythrocyte and platelet adhesion to endothelium
Activation of coagulation system with thrombosis and
ischemia
Reperfusion injury
Leukocytosis and immune system activation
Free radical injury secondary to leukocyte superoxide release
Decreased nitric oxide secondary to leukocyte superoxide
release
Activation of cytokine and inlammatory mediators
Hemolysis and release of free hemoglobin
Free radical injury secondary to free hemoglobin
Decreased nitric oxide due to uptake by free hemoglobin
Endothelial dysfunction secondary to inlammation and
nitric oxide depletion
Excessive iron stores secondary to repeated erythrocyte
transfusion

Sickle Cell Disease
A single amino acid (valine) is substituted for glutamic acid on
the β globin chain. The effect of this amino acid substitution on
hemoglobin is profound. The most striking alteration occurs

when hemoglobin S is exposed to low concentrations of oxygen.
The hemoglobin molecule becomes unstable and polymerizes
with other hemoglobin S molecules to form a crystalline gel that
deforms the RBC into the characteristic sickle shape. The damaged RBC is more prone to hemolysis and removal by the spleen.
RBC life span in SCD is 12 to 17 days compared to 120 days for
normal RBCs. Many of the clinical manifestations of SCD can be
explained by obstruction of small blood vessels, tissue ischemia,
and chronic anemia. Other more insidious mechanisms, however, cause signiicant physiologic derangements that are responsible for the long-term effects of SCD (Table 23-19).
Patients with SCD display remarkable variability in disease
severity. Some patients are plagued by early and frequent complications culminating in death at an early age, while others experience
few symptoms. The one factor that correlates with lower disease
severity is an elevated level of fetal hemoglobin. SCD can produce
manifestations in every organ system (Table 23-20). There are a
number of acute, recurrent, and severe problems associated with
SCD: Vaso-occlusive crisis, acute chest syndrome, sequestration
crisis, aplastic crisis, asthma, and pulmonary hypertension.
Vaso-occlusive crisis (VOC): VOC is often the irst and most frequent manifestation of SCD and is secondary to tissue ischemia and infarction. The pain of VOC may be mild requiring
oral analgesics, hydration, and rest or can be severe requiring
hospitalization, parenteral narcotics, intravenous hydration,
supplemental oxygen, and regional anesthesia.75 The incidence of VOC in the perioperative period is 10%.
Acute Chest Syndrome (ACS): ACS represents the single greatest
threat to the patient with SCD as the mortality is 1% to 20%.

table 23-20. CLINICAL MANIFESTATIONS OF SICKLE CELL DISEASE
Hematologic
Hemolytic anemia
Aplastic anemia
Leukocytosis
Spleen
Infarction
Hyposplenism
Splenic sequestration
Central Nervous System
Stroke
Hemorrhage
Aneurysm
Meningitis
Musculoskeletal
Painful crises
Bone marrow hyperplasia
Avascular necrosis
Osteomyelitis
Bone infarcts
Skeletal deformity
Growth retardation
Cutaneous ulceration
Cardiac
Cardiomegaly
Pulmonary hypertension
Cor pulmonale
Diastolic dysfunction
Cardiomyopathy
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Pulmonary
Acute chest syndrome
Hypoxemia
Pulmonary infarction
Fibrosis
Asthma
Sleep apnea
Thromboembolism
Pneumonia

Renal
Papillary necrosis
Glomerular sclerosis
Renal failure
Psychosocial
Depression
Anxiety
Substance abuse
Narcotic dependence
Genitourinary
Priapism
Infection
Hepatobiliary
Jaundice
Hepatitis
Cirrhosis
Cholelithiasis
Cholestasis
Eye
Retinopathy
Hemorrhage
Visual loss
Immune system
Immunosuppression
Leukocytosis
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The diagnosis of ACS can be made when there are new lung
iniltrates on a chest radiograph in the presence of any of the
following: Chest pain, cough, dyspnea, wheezing, or hypoxemia. Proposed mechanisms of ACS are thrombosis, embolism (clot and fat), and infection. The incidence of ACS is
higher in children and may be related to infection. The treatment of ACS is supportive. A severe and potentially fatal manifestation of ACS is plastic bronchitis. The bronchial cast that
is characteristic of plastic bronchitis acts as a foreign, obstructive body and emergent bronchoscopy may be required. The
frequency of ACS after abdominal surgery is 10% to 20%. Factors associated with ACS in the postoperative period include
pain, splinting, narcotic analgesia, and hypoventilation. The
incidence of postoperative ACS is reduced with preoperative
transfusion and postoperative incentive spirometry.76
Sequestration crisis: Sequestration crisis occurs when the splenic
removal of RBCs exceeds the rate of RBC production. Severe
anemia and hemodynamic instability can occur. A history of
sequestration crisis may be an indication for early splenectomy.
Aplastic crisis: Patients with SCD must maintain a high and continuous rate of production of RBCs. Even mild bone marrow
suppression can cause the rapid onset of anemia. Aplastic crisis occurs when the production of RBCs is suppressed by a
viral infection (parovirus B19).
8 Asthma and pulmonary hypertension: Asthma (incidence: 50%)
and pulmonary hypertension (incidence: 10%) are common in
patients with SCD. Mortality of patients with SCD is increased
when asthma and pulmonary hypertension are present.
It is not uncommon for the sickle cell gene to be combined with
other abnormal hemoglobin genes. In patients with combined
hemoglobinopathies, symptoms of SCD are usually present but
are less severe than patients with homozygous SCD.
Therapy for patients with SCD includes oral penicillin prophylaxis, hydroxyurea, and pneumococcal vaccination. Daily
administration of penicillin reduces the likelihood of pneumococcal infection in children less than 5 years of age. Hydroxyurea
therapy reduces the incidence and severity of VOC and ACS.
Yearly assessment of stroke risk with transcranial Doppler is indicated. Those patients with elevated cerebral blood low velocity
should be placed on a program of regular blood transfusion to
reduce the risk of stroke.

Management of Anesthesia
Patients with SCD frequently require anesthesia and surgery and
preoperative evaluation is directed at identifying which organs
have been damaged. A preoperative hemoglobin level should be
obtained. Patients receiving hydroxyurea may have myelosuppression and a complete blood count may be helpful. A preoperative echocardiogram is indicated in patients with limited
physical activity, hypoxemia, respiratory distress, frequent episodes of VOC or ACS, or symptoms consistent with cor pulmonale. Common echocardiographic indings in patients with SCD
include left ventricular hypertrophy, right ventricular dilation,
and atrial enlargement.77
The need for preoperative RBC transfusion is dependent
on the severity of SCD and the type of proposed surgery. Most
patients with SCD can be adequately prepared with simple transfusion. The typical hemoglobin level in patients with SCD is 5 to
8 g/dL and transfusion is performed to raise the hemoglobin level
to 10 g/dL. Exchange transfusion is indicated when the baseline hemoglobin level is high. Intraoperative RBC transfusion
is employed to replace signiicant intraoperative blood loss and
maintain a hemoglobin level of 10 g/dL. Preoperative exchange

transfusion is commonly used for cardiac surgical procedures, but
simple transfusion is used in some institutions. Cell saver blood
salvage has been used without complication in SCD patients.
Other objectives of the intraoperative management of SCD
patients include maintenance of normothermia and hydration
with intravenous luids. Extremity tourniquets can be used if they
are critical to the performance of the surgery. The incidence of
complication with tourniquet use in SCD patients is 12%. Pain
and narcotic induced hypoventilation have been implicated as
causes of postoperative ACS and strategies to provide analgesia
without narcotics may reduce the incidence of ACS. Regional
analgesia may be central to this strategy.
Surgery and anesthesia in patients with sickle cell trait (Hgb
SA) are generally uneventful. Sudden death after intense physical
activity has, however, been reported in patients with Hgb SA. It is
conceivable that SA patients undergoing excessive perioperative
physiologic stress could develop complications.

Thalassemia
Thalassemia is the result of underproduction of α or β globin
chains of the hemoglobin molecule. Alpha thalassemia is the result
of underproduction of α chains and beta thalassemia results from
a deiciency of β chains. Inheritance of thalassemia is typically
autosomal recessive, but the genetics is complex and thalassemia
produces a wide spectrum of clinical manifestations. The reduced
globin synthesis results in anemia secondary to a reduced concentration of hemoglobin in the RBC and decreased RBC production. Disease severity ranges from death in utero to a normal life
expectancy with minimal problems. There are three clinical types
of thalassemia: Thalassemia major, thalassemia intermedia, and
thalassemia minor. The patient with thalassemia major requires
regular RBC transfusion to maintain an adequate hemoglobin
level. Patients with thalassemia intermedia require occasional
transfusion and patients with thalassemia minor rarely require
transfusion.
There are many factors that cause physiologic dysfunction in
thalassemia patients. Severe anemia stimulates bone marrow proliferation producing widespread skeletal abnormalities. Spinal cord
compression from extramedullary erythropoiesis can occur. Regular RBC transfusion to maintain a level of 10 g/dL suppresses bone
marrow hyperplasia. Frequent blood transfusion does; however,
cause iron overload that can cause cardiac, hepatic, immune, and
endocrine dysfunction. Manifestations of cardiac iron overload
include dysrhythmias, pulmonary hypertension, and congestive
heart failure.78,79 Hepatic complications include ibrosis and cirrhosis and an increased risk of hepatitis. Hypogonadism, diabetes, hypothyroidism, hypoparathyroidism, hypopituitarism, and
adrenal insuficiency also result from iron overload. Macrophage
dysfunction often leads to an increased risk of infection. Iron chelation therapy (deferoxamine, defereridone, and deferasirox) is used
prophylactically to minimize the risk of iron overload.
Successful bone marrow transplantation is curative for some
patients with thalassemia. Bone marrow transplantation is typically used for children that develop early and severe complications from thalassemia.

Management of Anesthesia
Patients with thalassemia often require cholecystectomy, splenectomy, vascular access, and correction of skeletal abnormalities. The
preoperative evaluation should include a hemoglobin level and an
evaluation of cardiac, hepatic, and endocrine function. Perioperative risk depends upon the severity of organ dysfunction secondary to thalassemia and iron overload. There is a high incidence of

alloimmunization and blood should be cross-matched in advance
of anticipated need.
Facial dysmorphism from extramedullary erythropoiesis can
complicate airway management and direct laryngoscopy. The
possibility of extramedullary bone marrow deposition in the spinal canal may be a relative contraindication to neuraxial anesthesia. Spinal anesthesia has, however, been successfully used for
cesarean section. Cell saver RBC salvage has been successfully
used for patients with thalassemia.

collagen vascular Diseases
The four most common collagen vascular diseases are rheumatoid
arthritis, systemic lupus erythematosus, systemic sclerosis (scleroderma), and the inlammatory myopathies (dermatomyositis/
polymyositis). Although many patients may have a discrete disease,
many others are considered to have overlap syndromes (mixed
connective tissue diseases) with features of different collagen vascular diseases. The etiology of the collagen vascular diseases is
unknown, although the immune system is clearly involved in the
cascade of pathologic events that cause the clinical manifestations.
Although all of these diseases have effects on joints, each has diffuse
systemic effects as well. The alteration in joint function and the systemic effects will affect the management of anesthesia.

Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic, autoimmune and inlammatory disease characterized by symmetric polyarthropathy and
diverse clinical effects. Although the etiology is unknown, research
continues to delineate the pathogenesis. There are interactions
between environmental factors and genetic susceptibility that initiates the process that causes RA. Activated endothelial cells attract
adhesion molecules that bind to proteins and initiate a sequence
of events that stimulate T cells and B lymphocytes. The release of
cytokines (tumor necrosis factor, interleukin-1, interleukin-6)
accelerates the inlammatory cascade.80 B lymphocytes produce
autoantibodies (rheumatoid factor) that further increase cytokine production. Seventy-ive percent of RA patients have measurable levels of rheumatoid factor. The pathologic changes of RA
begin with cellular hyperplasia of the synovium followed by invasion of lymphocytes, plasma cells, and ibroblasts. Cartilage and
articular surfaces are ultimately destroyed.
The hands and wrists are involved irst, particularly the metacarpophalangeal and interphalangeal joints. The knee is the most
frequently involved joint of the lower extremity. The upper cervical spine is affected in 80% of patients with RA. Instability of
the cervical spine may manifest as atlantoaxial instability, cranial
settling, and subaxial instability. Plain radiography and CT of
the cervical spine will demonstrate the bony changes caused by
RA. MRI is better suited to study the effects on the spinal cord.
The degree of cord compression may not, however, correlate
with the patient’s symptoms. Although a very rare event, spinal
cord damage after laryngoscopy and tracheal intubation has been
reported.81 Intradural cord compression secondary to rheumatoid nodules or pannus formation can also occur. RA commonly
affects the joints of the larynx, resulting in limitation of vocal cord
movement and edema of the laryngeal mucosa that can progress
to airway obstruction. Arthritic changes in the temporomandibular joints can also occur. All of these abnormalities can complicate
laryngoscopy and tracheal intubation.
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table 23-21. EXTRA-ARTICULAR
MANIFESTATIONS OF
RHEUMATOID ARTHRITIS
Skin
Raynaud’s phenomenon
Digital necrosis

Peripheral Nervous System
Compression syndromes
Mononeuritis

Eyes
Scleritis
Corneal ulceration

Central Nervous System
Dural nodules
Necrotizing vasculitis

Lung
Pleural effusions
Pulmonary ibrosis

Liver
Hepatitis

Heart
Pericarditis
Cardiac tamponade
Coronary arteritis
Aortic insuficiency

Anemia
Leukopenia

Blood

Kidney
Interstitial ibrosis
Glomerulonephritis
Amyloid deposition

Extra-articular and systemic manifestations of RA are diverse
9 (Table 23-21). Cardiovascular disease is a common cause of
mortality and there is a high incidence of subclinical cardiac
dysfunction.82 Pericarditis occurs in one-third of RA patients
and can produce constrictive pericarditis or cardiac tamponade.
Other cardiovascular manifestations include coronary artery
disease, myocarditis, diastolic dysfunction, aortitis (aortic root
dilation, aortic valve insuficiency), dysrhythmias, and pulmonary hypertension. Pulmonary changes include interstitial lung
disease, reduced oxygen diffusion capacity, obstructive and
restrictive lung disease, pulmonary nodules, and pleural effusions. Several of the antirheumatic drugs can cause or accentuate pulmonary dysfunction. Renal failure is a common cause of
death and may be secondary to vasculitis, amyloidosis, and antirheumatic drugs. Mild anemia is present in almost all patients
with RA. The anemia may be secondary to decreased erythropoiesis or a side effect of drug therapy.
Neurologic complications of RA include peripheral nerve
compression from joint destruction and noncompressive neuropathies (mononeuritis multiplex) secondary to vasculitis of
blood vessels supplying affected nerves (vasa nervorum). Cervical myelopathy may be secondary to cervical spine degeneration.
Rheumatoid vasculitis can affect cerebral blood vessels resulting
in headache, hemiparesis, aphasia, and confusion.
The disease process of immunoinlammation that causes RA
is complex and monotherapy is unlikely to be completely successful. There are three groups of antirheumatic drugs: Nonsteroidal
anti-inlammatory drugs (NSAIDs), corticosteroids, and disease
modifying antirheumatic drugs (DMARDS). NSAIDs reduce
inlammation and pain; however, they do little to affect the ultimate course of the disease. Corticosteroids are effective but the
side effects associated with long-term use limit their usefulness.
DMARDs are now the irst line of therapy for the early treatment
of RA. Methotrexate has proven to be very effective and is often
the initial drug of choice. Less commonly used DMARDs include
lelunomide, cyclosporine, azathioprine, gold, sulfasalzine, and
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hydroxychloroquine. Biologic DMARDs are directed at interrupting the early phases of the inlammatory process by inhibition of tumor necrosis factor (TNF), blockade of interleukin-1
and interleukin-6, and inhibition of T cells and B lymphocytes.83
Potential side effects of the biologic DMARDs include an increased
susceptibility to infection and cancer. Kinase inhibitors directed at
inhibition of the intracellular triggers of inlammation are under
investigation. Surgical procedures such as synovectomy, tenolysis,
and joint replacement are performed to relieve pain and restore
joint function.

Management of Anesthesia
RA is a multisystem disease with diverse clinical manifestations.
Although joint disabilities are obvious, less evident are the effects
of RA on heart, lungs, kidneys, liver, and CNS. The type and
severity of systemic dysfunction must be considered when planning an anesthetic for the patient with RA.84
Arthritic changes in the temporomandibular joints, cricoaryte10 noid joints, and the cervical spine can render rigid, direct laryngoscopy and tracheal intubation dificult. The incidence of atlantoaxial
subluxation may exceed 40% in RA patients and lexion of the
neck can compress the spinal cord. Intubation techniques that
minimize neck manipulation may be indicated. Such techniques
include the use of video laryngoscopes, lexible iberscopes, or
awake intubation. Many patients with RA are asymptomatic with
respect to disease of the cervical spine (Fig. 23-7). Preoperative
imaging studies (radiography, CT, MRI) may be indicated if
the degree of cervical involvement is unknown. Cricoarytenoid
arthritis produces edema of the larynx and may decrease the size
of the glottic inlet, necessitating the use of a smaller than predicted tracheal tube.
The degree of cardiopulmonary involvement by the rheumatoid process will certainly inluence the selection of anesthetics

and monitors. The need for postoperative ventilatory support
should be anticipated if severe pulmonary disease is present.
Perioperative corticosteroid supplementation may be necessary for patients receiving chronic steroid therapy. Aspirin and
other anti-inlammatory drugs interfere with platelet function
and clotting may be abnormal. Drug-induced anemia and hepatic
and renal dysfunction may be present.
Restriction of joint mobility necessitates careful positioning of
the patient during surgery. The extremities should be positioned
to minimize the risk of neurovascular compression and further
joint injury. Preoperative examination of joint motion will help
determine how the extremities and neck should be positioned.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disorder
with diverse clinical and immunologic manifestations. The etiology of SLE is unknown, but appears to be a complex interaction
between genetic susceptibility and hormonal and environmental inluences. The typical patient with SLE is a female of childbearing age and of African or Asian ethnicity. Patients with SLE
produce autoantibodies to DNA, RNA polymerase, cardiolipin,
and ribosomal phosphoproteins. It has been speculated that cell
apoptosis releases intracellular proteins that generate an antibody
response in susceptible patients. Clinical manifestations in some
patients can be the result of an autoantibody highly speciic for
one protein within an organ. Circulating antibodies may be present years before the onset of clinical symptoms.
The clinical manifestations of SLE are diverse and many can
be life-threatening. The most common presenting features are
polyarthritis and dermatitis. The arthritis is migratory and can
involve any joint, including the joints of the cervical spine. The
classic malar rash is present in only one-third of SLE patients.
Renal disease is present in nearly 60% of SLE patients and is a
common cause of morbidity and mortality. Dialysis or renal
transplantation is required in 10% to 20% of SLE patients. Proteinuria, hypertension, and decreased creatinine clearance are the
usual manifestations of lupus nephritis. CNS involvement occurs
in 50% of SLE patients and is secondary to vasculitis. CNS manifestations include seizures, stroke, dementia, psychosis, myelitis,
and peripheral neuropathy.
SLE produces a diffuse serositis that manifests as pleuritis and
pericarditis. Although 60% of SLE patients have a pericardial effusion, cardiac tamponade is uncommon. Accelerated arteriosclerosis, cardiac conduction abnormalities, and ventricular dysfunction
are other cardiac features of SLE. A noninfectious endocarditis
(Libman–Sacks endocarditis) may cause mitral regurgitation.
One-third of SLE patients have detectable antiphospholipid antibodies and may have thromboembolic complications. Pulmonary
effects of SLE include pleural effusion, pneumonitis, pulmonary
4 hypertension, and pulmonary hemorrhage. There is a high incidence of pulmonary hypertension in SLE patients with Raynaud’s
phenomenon. Pulmonary function studies demonstrate a restrictive disease pattern and a decreased diffusion capacity. Hoarseness,
stridor, and airway obstruction can be caused by cricoarytenoiditis. Gastrointestinal manifestations of SLE include esophageal
dysmotility, peritonitis, pancreatitis, and bowel ischemia. An
autoimmune hepatitis occurs in 10% of SLE patients.
Despite the diverse effects of SLE and the lack of speciic therapy, current treatment regimens have improved survival. NSAIDs
are used for mild arthritis. Antimalarials (hydroxychloroquine)
Figure 23-7. Magnetic resonance imaging of a cervical spine in a
control arthritis and dermatitis and have antithrombotic effects.
patient with rheumatoid arthritis. Although the patient had no neurologic
Corticosteroids are effective for moderate and severe SLE.
symptoms, there is severe spinal stenosis in the upper cervical spine.
Immunosuppressants such as cyclophosphamide, azathioprine,
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table 23-22. ADVERSE EFFECTS OF DRUGS USED TO TREAT COLLAGEN
VASCULAR DISEASES
Class of Drugs
Immunosuppressants
Methotrexate
Azathioprine
Cyclosporine
Cyclophosphamide
Lelunomide
Mycophenolate mofetil
TNF Antagonists
Etanercept
Inliximab
Adalimumab
Golimumab
Certolizumab
Interleukin-1 Antagonists
Anakinra
Interleukin-6 Antagonists
Tocilizumab
T-cell Inhibitors
Abatacept
CD20 Monoclonal Antibody
Rituximab
Antimalarials
Hydroxychloroquine
Corticosteroids
Aspirin
NSAIDs
COX-2-inhibitors
Gold
Penicillamine

Effects
Hepatotoxicity, anemia, leucopenia
Biliary stasis, leucopenia
Nephrotoxicity, hypertension, hypomagnesemia
Leucopenia, hemorrhagic cystitis, pseudocholinesterase
inhibition
Hepatotoxicity, weight loss, hypertension
Nausea, emesis, diarrhea
Infections, tuberculosis
Lymphoma, heart failure

Infection, skin irritation
Infection, headache, stomatitis, fever
Infection
Infection, infusion reaction
Myopathy, retinopathy
Hypertension, luid retention, osteoporosis, infection, glucose
intolerance
Platelet dysfunction, peptic ulcer, hypersensitivity
Peptic ulcer, leucopenia, coronary artery disease
Nephrotoxicity, cardiovascular dysfunction
Aplastic anemia, dermatitis, nephritis
Glomerulonephritis, myasthenia, aplastic anemia

TNF, tumor necrosis factor; NSAIDs, nonsteroidal anti-inlammatory drugs; COX-2, cyclooxygenase-2.

methotrexate, and mycophenolate mofetil are effective and lower
dosage requirements for corticosteroids. Immune-cell targeted
therapy, interleukin inhibition, and TNF inhibitors are under
investigation.85 The potential for side effects from any of the SLE
drugs is signiicant (Table 23-22).
More than 80 drugs have been reported to cause drug-induced
lupus. Drug-induced lupus may be caused by drug metabolites
that stimulate T cells. The most common agents are procaineamide, quinidine, hydralazine, methyldopa, enalapril, captopril,
clonidine, isoniazid, and minocycline. The clinical features of
drug-induced lupus are mild and include arthralgia, fever, anemia, and leucopenia. These effects resolve within weeks to months
after drug discontinuation.

Management of Anesthesia

titation of renal function may be indicated. Although minor changes
in hepatic function are often present, these changes are generally not
signiicant. Patients with SLE are at increased risk for postoperative
infections.
Arthritic involvement of the cervical spine is unusual and tracheal intubation is generally not dificult. The potential for laryngeal involvement and upper airway obstruction does, however,
require clinical evaluation of laryngeal function. Should postextubation laryngeal edema or stridor occur, intravenous corticosteroids are effective.
Drugs for the treatment of SLE may inluence the choice of
anesthetics. Patients receiving corticosteroids will usually require
the administration of corticosteroids during the perioperative
period. Cyclophosphamide inhibits plasma cholinesterase and
may prolong the response to succinylcholine.

Careful preoperative evaluation of the SLE patient is necessary
because of the diverse effects of the disease.86 Preoperative chest radiSystemic Sclerosis (Scleroderma)
ography, echocardiography, or pulmonary function testing may be
necessary if the clinical history suggests cardiopulmonary dysfuncSystemic sclerosis (SSc) is characterized by changes in the microtion. Myocardial dysfunction will certainly inluence the choice of
vasculature that lead to organ ibrosis. SSc is a multisystem disanesthetic and type of perioperative monitoring. Preoperative quan- 5 ease that affects the skin, blood vessels, and internal organs. The
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cascade of events may begin with vasospasm and cell death. The
release of cellular products initiates an autoimmune response
with production of autoantibodies and activation of an inlammatory process that causes obliteration of small arteries with
resultant ibrosis and atrophy of organs.87
The skin is swollen and thickened in the early phases of
the disease. Eventually the skin becomes ibrotic and taut and
joint motion is severely restricted. Raynaud’s phenomenon is
present in 85% of patients with SSc and is often the presenting
symptom.
The same vasculopathy that affects the skin affects small
vessels in other organs. The lung is affected in more than 80%
of SSc patients and consists of interstitial ibrosis, pulmonary
hypertension, and impaired diffusion capacity. These changes in
conjunction with the effects of chronic aspiration pneumonitis
produce restrictive lung disease. Myocardial ibrosis occurs in
practically all SSc patients. The clinical manifestations of cardiac
dysfunction, however, may be occult as only 25% of patients
have symptoms. Echocardiography may reveal a decreased ejection fraction and impaired diastolic function. Degeneration of
the cardiac conduction system may cause conduction delay and
dysrhythmias. Pericardial effusion is common. Cardiac tamponade is rare.
Renal dysfunction is common and secondary to renal vasculopathy. Renal dysfunction can be so severe that a scleroderma
renal crisis develops with hypertension, retinopathy, and a rapid
deterioration in renal function.
Gastrointestinal motility is markedly decreased, especially
in the esophagus. Frequent episodes of gastroesophageal relux
and aspiration pneumonitis exacerbate pulmonary dysfunction.
Involvement of the small intestine and colon can cause pseudoobstruction.
Therapy is directed at several pathways and may be organ
speciic. Corticosteroids are beneicial, but the likelihood of side
effects is great. Cyclophosphamide is the immunosuppressant
with the greatest effect. Vasodilators, ACE inhibitors and angiotensin receptor blockers, are used for the treatment of hypertension and cardiac dysfunction. Prostacyclin agonists, endothelin
receptor blockers, cytokine inhibitors, and stem cell transplantation may also be used.

Management of Anesthesia
SSc, like other collagen vascular diseases, is a multisystem disease
with many manifestations. There are no speciic contraindications to any type of anesthesia. The anesthetic technique, however, must be guided by coexisting organ dysfunction.
Tracheal intubation can be quite dificult. Fibrotic and taut
facial skin can markedly hinder active and passive motion of
the temporomandibular joint. Awake, iberoptic-assisted laryngoscopy may be required. Tracheostomy may be necessary in
severely affected patients. Orotracheal intubation is preferred as
the fragility of the nasal mucosa increases the risk of severe nasal
hemorrhage from nasotracheal intubation.
Patients with SSc are at risk for aspiration pneumonitis dur11 ing induction of anesthesia because of esophageal dysmotility
and gastroesophageal relux. Chronic arterial hypoxemia is often
present because of restrictive lung disease and impaired oxygen
diffusion. Compromised myocardial function and coronary arteriosclerosis may necessitate the use of invasive cardiovascular
monitors. Transesophageal echocardiography (TEE) can provide
valuable information about cardiac function. Venous access can
be challenging and central venous cannulation may be required.
Myopathy is present in most patients with SSc and an increased
sensitivity to muscle relaxants should be anticipated.

Regional anesthesia can be used, although the response to
local anesthetics may be prolonged. The anesthesiologist is often
consulted as to the eficacy of sympathetic blockade for the treatment of vasospasm secondary to Raynaud’s phenomenon.

Inflammatory Myopathies
(Dermatomyositis/Polymyositis)
Four diseases comprise the inlammatory myopathies: Dermatomyositis (DM), polymyositis (PM), inclusion body myositis, and
autoimmune necrotizing myositis. Although the clinical features
of the four diseases are diverse, severe muscle weakness and noninfectious muscle inlammation are present in all four.
Dermatomyositis (DM) is the most common of the four and
is the result of an antibody-induced complement activation that
lyses muscle capillaries and causes muscle necrosis. Common presenting features are proximal muscle weakness and a characteristic
skin rash that may precede the onset of weakness. The skin rash
consists of a purplish discoloration of the eyelids (heliotrope rash),
periorbital edema, and scaly erythematous lesions on the knuckles (Gottron’s papules). DM can occur in children and adults.88
The presenting symptoms of polymyositis (PM) are muscle pain
and proximal weakness that occur after the second decade of life.
Fifty percent of DM and PM patients have pulmonary disease. The
pulmonary manifestations are interstitial pneumonitis, alveolitis,
and bronchopneumonia. Aspiration pneumonia is very common.
Intrinsic lung disease and thoracic muscle weakness produce a
restrictive pulmonary pattern and decreased oxygen diffusion
capacity. Myocardial ibrosis can cause congestive heart failure
and dysrhythmias. Patients with DM and PM are at increased risk
for cancer.
Treatment of DM and PM is with corticosteroids, intravenous
immunoglobulin, immunosuppressants, and immunomodulators.
Inclusion body myositis typically presents with weakness of
the quadriceps and ankle dorsilexors in men >50 years of age.
There is no effective treatment.

Management of Anesthesia
The reported experience with anesthesia in patients with inlammatory myopathies is limited and generalizations from a few case
reports must be interpreted with caution.
Patients with DM may have restriction of motion of the temporomandibular joints and decreased mouth opening that render
rigid, direct laryngoscopy dificult. An awake, iberoptic-assisted
intubation may be required. Tracheal intubation is not usually
dificult in patients with PM.
Dysphagia and gastroesophageal relux are common and there
is an increased risk of aspiration pneumonitis. Gastrointestinal
perforations that require surgical intervention are common in
patients with PM.
The degree of coexisting cardiopulmonary disease will inluence the selection of anesthetics and monitors. Cardiac dysfunction may be subclinical and preoperative echocardiography may
be beneicial.
It should be anticipated that variation in response to muscle
relaxants will occur. It may be prudent to avoid succinylcholine as hyperkalemia may occur. Succinylcholine has, however,
been administered to patients with DM without complication.89 Short-acting non-depolarizing muscle relaxants would
be a better choice. Postoperative mechanical ventilation may be
required for patients with coexisting muscle weakness and lung
disease.
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Figure 23-8. The ultrastructure of the zones of the skin. The diagram demonstrates where skin separation occurs in different
types of epidermolysis bullosa (EB). (Reproduced from: Uitto J, Christiano AM. Molecular genetics of the cutaneous basement
membrane zone. J Clin Invest. 1992;90:687–692, with permission.)

skin DisorDers
Most primary diseases of the skin are localized and cause few systemic effects or complications during the administration of anesthesia. Two blistering skin diseases can result in perioperative
complications: Epidermolysis bullosa and pemphigus.

Epidermolysis Bullosa

may be secondary to streptococcal infection and is manifest by
nephritis and albuminuria. Anemia is usually present as a result of
poor nutrition and recurrent infection. Hypoplasia of tooth enamel
causes carious degeneration of the teeth and the need for extensive
dental restorations. Patients with DEB rarely survive beyond the
third decade of life.
Medical therapy for DEB has not been very successful. Phenytoin, a collagenase inhibitor may produce short-term improvement. Gene therapy injection of ibroblasts and stem cell therapy
are under investigation. Surgical therapy is directed at preservation and improvement of hand function.

Epidermolysis bullosa (EB) is a rare skin disease that can be inherManagement of Anesthesia
6 ited or acquired. Patients with heritable forms have abnormalities
It is critical that trauma to the skin and mucous membranes be
in the anchoring systems of skin layers. The acquired forms are
minimized during the intraoperative period. Gel pads or needle
autoimmune disorders in which autoantibodies are produced that
electrodes can be used for ECG monitoring. The blood pressure
destroy the basement membrane of the skin and mucosa. The end
cuff should be well padded with a loose cotton dressing, and
result is the loss or absence of normal intercellular bridges and sepintravascular catheters anchored with sutures or a gauze dressing
aration of skin layers, intradermal luid accumulation, and bullae
rather than tape. Trauma from a face mask can be minimized by
formation (Fig. 23-8). Lateral shearing forces applied to the skin
generous lubrication of the mask or the use of silicone-based padare especially damaging; whereas, pressure applied perpendicular
ding at points of pressure application.92 Frictional trauma to the
to the skin is not as hazardous. Although there are 30 subtypes
oropharynx can result in the formation of large intraoral bullae,
of EB, these disorders can be classiied into four groups dependairway obstruction, and hemorrhage from denuded mucosa. All
ing on where the skin separation occurs: Epidermolysis simplex
airway instruments should be well lubricated. Scarring of the oral
(EBS), junctional epidermolysis (JEB), epidermolysis bullosa dyscavity can cause microstomia and immobility of the tongue that
trophica (DEB), and Kindler syndrome (mixed EB).90 Although
increases the dificulty of tracheal intubation. Fiberoptic-assisted
serious complications can occur with any form of epidermolysis,
laryngoscopy may be required. Tracheal intubation is generally
EBS is generally benign. Some types of JEB are lethal by 1 year of
safe for patients with DEB.
age and can have laryngeal involvement.
Surgical procedures that are typically performed in patients
DEB is caused by a defect in type VII collagen. DEB produces
with DEB include reconstructive hand procedures, dental ressevere scarring of the ingers and toes with pseudosyndactyly formation (Fig 23-9). Secondary infection of bullae and malignant 12 torations, esophageal dilation, and feeding gastrostomies. The
possibility of an unrecognized cardiomyopathy and interactions
degeneration of the skin are common. The esophagus is commonly
with anesthetics must be considered. Many patients with DEB
involved with resultant dysphagia, esophageal strictures, and poor
have decreased levels of physical activity from limb deformities
nutrition. Dilated cardiomyopathy with a markedly decreased ejecand their history of exercise tolerance may be inaccurate. Kettion fraction and formation of intracardiac thrombi can develop.
amine may be useful for extremity procedures as it provides good
Serial echocardiography may be indicated.91 Glomerulonephritis
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A
Figure 23-9. Epidermolysis bullosa. (A) Bullous lesion of the finger in a neonate with epidermolysis bullosa. (B) Hands of an
older child with epidermolysis progression to produce severe scarring and pseudosyndactyly. (Courtesy of James E. Bennett, MD,
Division of Plastic Surgery, Indiana University School of Medicine, Indianapolis, IN.)

analgesia and may not require supplementation with inhaled
anesthetics. Regional anesthesia, including spinal, epidural, and
brachial plexus anesthesia has been used successfully for patients
with DEB.
Despite all the potential complications with anesthesia for
patients with DEB, intraoperative management is associated
with surprisingly few adverse effects. This is especially true when
care is provided at a center experienced with the management of
patients with DEB.93

Pemphigus
7 Pemphigus is an autoimmune vesiculobullous disease that involves
extensive areas of the skin and mucous membranes. IgG autoantibodies attack desmosomal proteins, desmoglein 3 and desmoglein 1, leading to loss of cell adhesion and separation of epithelial
layers. There are ive types of pemphigus: Pemphigus vulgaris,
pemphigus foliaceous, pemphigus erythematosus, drug-induced
pemphigus, and paraneoplastic pemphigus. Drugs that have been
implicated as causing pemphigus include penicillamine, cephalosporins, ACE inhibitors, phenobarbital, propranolol, levodopa,
nifedipine, and NSAIDs.
Pemphigus vulgaris (PV) is the most common type and is
of the most importance to the anesthesiologist because of the
occurrence of oral lesions. Oral lesions develop in 50% to 70% of
patients with PV. Lesions of the pharynx, larynx, esophagus, conjunctiva, urethra, cervix, and anus can develop. Oropharyngeal
lesions can make eating so painful that malnutrition develops.
Skin denudation and bullae formation can cause signiicant luid
and protein losses and increase the risk of secondary infection.94
As with epidermolysis bullosa, lateral shearing force is more likely
to produce bullae than pressure perpendicular to the skin surface.
Systemic corticosteroids are the most effective treatment for PV.
Improvement may be seen within days of corticosteroid therapy
with full healing in 6 to 8 weeks. Immunosuppressants, immunomodulators, and intravenous immunoglobulin can be used to
reduce corticosteroid doses.
Paraneoplastic pemphigus is associated with a number of
malignant tumors, especially lymphomas and leukemias. IgG

antibodies are produced that react to desmoglein 3 and 1. Oral
and cutaneous lesions occur. Obstructive respiratory failure may
result from inlammation and sloughing of tracheal tissue.

Management of Anesthesia
Preoperative drug therapy and the extreme fragility of the mucous
membranes are the primary concerns for management of anesthesia for patients with PV. Corticosteroid supplementation will be
necessary during the perioperative period if the patient’s therapy
includes steroids. Management of the airway and tracheal intubation should be performed as described for patients with DEB.
There are no speciic contraindications to the use of any intravenous or inhaled anesthetic. Ketamine and regional anesthesia
have been used for PV patients. Methotrexate may produce hepatorenal dysfunction and bone marrow suppression and cyclophosphamide can prolong the action of succinylcholine by inhibiting
cholinesterase activity.
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