1784 have a clinical syndrome profound enough to cause severe respira-

tory muscle weakness requiring prolonged mechanical ventilation or
resulting in failure to wean. Aggressive glycemic control with insulin
infusions appears to decrease the risk of critical illness polyneuropathy.
Treatment is otherwise supportive, with specific intervention directed
at treating the underlying illness. Although spontaneous recovery is
usually seen, the time course may extend over weeks to months and
necessitate long-term ventilatory support and care even after the
underlying critical illness has resolved.

PART 12
Critical Care Medicine

DISORDERS OF NEUROMUSCULAR TRANSMISSION
A defect in neuromuscular transmission may be a source of weakness
in critically ill patients. Botulism (Chap. 178) may be acquired by
ingesting botulinum toxin from improperly stored food or may arise
from an anaerobic abscess from Clostridium botulinum (wound botulism). Infants can present with generalized weakness from gut-derived
Clostridium infection, especially if they are fed honey. Diplopia and
dysphagia are early signs of foodborne botulism. Treatment is mostly
supportive, although use of antitoxin early in the course may limit the
duration of the neuromuscular blockade. General ICU care is similar
to patients with Guillain-Barré syndrome or myasthenia gravis with
focused care to avoid ulcer formation at pressure points, deep venous
thromboprophylaxis, and infection prevention. Public health officers
should be rapidly informed when the diagnosis is made to prevent
further exposure to others from the tainted food or source of wound
botulism (such as injection drug use).
Undiagnosed myasthenia gravis (Chap. 461) may be a consideration in weak ICU patients; however, persistent weakness secondary
to impaired neuromuscular junction transmission is almost always
due to administration of drugs. A number of medications impair neuromuscular transmission; these include antibiotics, especially aminoglycosides, and beta-blocking agents. In the ICU, the nondepolarizing
neuromuscular blocking agents (nd-NMBAs), also known as muscle
relaxants, are most commonly responsible. Included in this group of
drugs are such agents as pancuronium, vecuronium, rocuronium, and
cisatracurium. They are often used to facilitate mechanical ventilation
or other critical care procedures, but with prolonged use persistent
neuromuscular blockade may result in weakness even after discontinuation of these agents hours or days earlier. Risk factors for this
prolonged action of neuromuscular blocking agents include female
sex, metabolic acidosis, and renal failure.
Prolonged neuromuscular blockade does not appear to produce
permanent damage to the PNS. Once the offending medications are
discontinued, full strength is restored, although this may take days.
In general, the lowest dose of neuromuscular blocking agent should
be used to achieve the desired result and, when these agents are used
in the ICU, a peripheral nerve stimulator should be used to monitor
neuromuscular junction function.
MYOPATHY
Critically ill patients, especially those with sepsis, frequently develop
muscle weakness and wasting, often in the face of seemingly adequate
nutritional support. Critical illness myopathy is an overall term that
describes several different discrete muscle disorders that may occur
in critically ill patients. The assumption has been that a catabolic
myopathy may develop as a result of multiple factors, including
elevated cortisol and catecholamine release and other circulating
factors induced by the SIRS. In this syndrome, known as cachectic
myopathy, serum creatine kinase levels and electromyography (EMG)
are normal. Muscle biopsy shows type II fiber atrophy. Panfascicular
muscle fiber necrosis may also occur in the setting of profound sepsis.
This less common acute necrotizing intensive care myopathy is characterized clinically by weakness progressing to a profound level over
just a few days. There may be associated elevations in serum creatine
kinase and urine myoglobin. Both EMG and muscle biopsy may be
normal initially but eventually show abnormal spontaneous activity
and panfascicular necrosis with an accompanying inflammatory reaction. Acute rhabdomyolysis can occur from alcohol ingestion or from
compartment syndromes.
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A thick-filament myopathy may occur in the setting of glucocorticoid and nd-NMBA use. The most frequent scenario in which this
is encountered is the asthmatic patient who requires high-dose glucocorticoids and nd-NMBA to facilitate mechanical ventilation. This
muscle disorder is not due to prolonged action of nd-NMBAs at the
neuromuscular junction but, rather, is an actual myopathy with muscle
damage; it has occasionally been described with high-dose glucocorticoid use or sepsis alone. Clinically this syndrome is most often recognized when a patient fails to wean from mechanical ventilation despite
resolution of the primary pulmonary process. Pathologically, there
may be loss of thick (myosin) filaments. Thick-filament critical illness
myopathy has a good prognosis. If patients survive their underlying
critical illness, the myopathy invariably improves and most patients
return to normal. However, because this syndrome is a result of true
muscle damage, not just prolonged blockade at the neuromuscular
junction, this process may take weeks or months, and tracheotomy
with prolonged ventilatory support may be necessary. Some patients
do have residual long-term weakness, with atrophy and fatigue limiting ambulation. At present, it is unclear how to prevent this myopathic
complication, except by avoiding use of nd-NMBAs, a strategy not
always possible. Monitoring with a peripheral nerve stimulator can
help to avoid the overuse of these agents. However, this is more likely
to prevent the complication of prolonged neuromuscular junction
blockade than it is to prevent this myopathy.

SUBARACHNOID HEMORRHAGE
Subarachnoid hemorrhage (SAH) renders the brain critically ill from
both primary and secondary brain insults. Excluding head trauma, the
most common cause of SAH is rupture of a saccular aneurysm. Other
causes include bleeding from a vascular malformation (arteriovenous
malformation or dural arteriovenous fistula) and extension into the
subarachnoid space from a primary intracerebral hemorrhage. Some
idiopathic SAHs are localized to the perimesencephalic cisterns and
are benign; they probably have a venous or capillary source, and angiography is unrevealing.
SACCULAR (“BERRY”) ANEURYSM
Autopsy and angiography studies have found that about 2% of adults
harbor intracranial aneurysms, for a prevalence of 4 million persons
in the United States; the aneurysm will rupture, producing SAH, in
25,000–30,000 cases per year. For patients who arrive alive at hospital,
the mortality rate over the next month is about 45%. Of those who survive, more than half are left with major neurologic deficits as a result of
the initial hemorrhage, cerebral vasospasm with infarction, or hydrocephalus. If the patient survives but the aneurysm is not obliterated,
the rate of rebleeding is about 20% in the first 2 weeks, 30% in the first
month, and about 3% per year afterward. Given these alarming figures,
the major therapeutic emphasis is on preventing the predictable early
complications of the SAH.
Unruptured, asymptomatic aneurysms are much less dangerous
than a recently ruptured aneurysm. The annual risk of rupture for
aneurysms <10 mm in size is ~0.1%, and for aneurysms ≥10 mm in size
is ~0.5–1%; the surgical morbidity rate far exceeds these percentages.
Because of the longer length of exposure to risk of rupture, younger
patients with aneurysms >10 mm in size may benefit from prophylactic treatment. As with the treatment of asymptomatic carotid stenosis,
this risk-benefit ratio strongly depends on the complication rate of
treatment.
Giant aneurysms, those >2.5 cm in diameter, occur at the same
sites (see below) as small aneurysms and account for 5% of cases. The
three most common locations are the terminal internal carotid artery,
middle cerebral artery (MCA) bifurcation, and top of the basilar artery.
Their risk of rupture is ~6% in the first year after identification and
may remain high indefinitely. They often cause symptoms by compressing the adjacent brain or cranial nerves.
Mycotic aneurysms are usually located distal to the first bifurcation of major arteries of the circle of Willis. Most result from infected
emboli due to bacterial endocarditis causing septic degeneration of
arteries and subsequent dilation and rupture. Whether these lesions
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