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The Annual Winter Meeting of the Society of Neurosurgical
Anesthesia and Critical Care was held on March 14 and 15,
1990, at the Sheraton Waikiki Hotel, Honolulu, Hawaii. Among
the topics discussed were management of spinal cord injury, in-
tracranial pressure, and brain trauma. There also was an update
on the mechanisms of, and therapies for, ischemic brain injury.

SPINAL CORD INJURY

The assessment and management of spinal cord injury (SCI)
were reviewed by Lawrence Pitts, M.D. (San Francisco, Califor-
nia). According to Dr. Pitts, the level and origin of SCl is initially
assessed using historic information, physical examination, and
plain roentgenograms. The latter can identify fractures and al-
terations of alignment of the spinal column, and these abnormal
areas can be evaluated further using computerized tomography
(CT) and magnetic resonance imaging (MRI) scans. CT may
help identify intraaxial hematomas or edema, as well as provide
additional information about bone fractures. Optimal infor-
mation about cord edema, disruption, or hemorrhage is provided
by weighted MRI data (i.e., T1- and T2-weighted images). In
most instances of surgical intervention after SCI, surgery is un-
dertaken to provide stability of the spine and not to improve
cord function. Exceptions to this include patients with progiessive
neurologic deficits and those with major nerve root involvement
from an injury-related compression. In a small number of neu-
rotrauma patients, there may be co-existing head injury and SCI;
however, concerns for SCI should not unduly delay initial treat-
ment of head injury. .

Brian Andrews, M.D. (San Francisco, California) attributed
SCI to a variety of pathomechanisms, including direct disruption
of cellular elements within the cord, neurovascular injury, and
biochemical abnormalities. Neurovascular injury occurs due to
a variety of factors including systemic hypoxia and hypotension
‘and central cord syndrome. Neurovascular injury per se may then
result in decreased spinal cord blood flow and cord edema. Bio-
chemical injuries may be mediated by fluxes in ionic calcium
and iron, thromboxane, arachidonic acid metabolites, and ex-
citatory amino acids. Initial medical therapy of SCI should involve
treatment of aberrations of system physiology. Numerous ex-
perimental therapies are under investigation; however, none is
presently at the stage that it can be recommended clinically.

Respiratory and hemodynamic management of the SCI patient
was outlined by Colin MacKenzie, M.D. (Baltimore, Maryland).
The most common level of injury, C5-6, is also the most mobile
portion of the cervical spine. Injuries at this level will result in
a loss of expiratory respiratory function (mediated by thoracic
and lumbar nerves) as well as a significant decrement in inspi-
ratory function. Cardiac dysfunction may be common, particu-
larly in patients in spinal shock, because the latter group of pa-
tients experiences a relative hypovolemia secondary to functional

sympathectomy. There also may be left ventricular dysfunction,
as assessed by echocardiography. Thus, SCI patients may have
difficulty compensating for alterations in intravascular volume.
This is compounded by a potential limitation on the ability to
alter heart rate or contractility. Appropriate therapy of hypo-
tension may involve fluid challenge and inotropic support. Ex-
acerbation of left ventricular dysfunction should be anticipated
when using volatile anesthetics.

In the panel discussion that followed, all three experts agreed
that patients having spinal shock are best managed using a pul-
monary artery catheter; however, there was disagreement re-
garding the relative importance of using intravenous fluids versus
vasopressors to increase blood pressure.

INTRACRANIAL PRESSURE AND BRAIN TRAUMA

The patient with abnormal intracranial elastance (dP/dV) may
experience large increases in intracranial pressure (ICP) and only
small increases in cerebral blood volume (CBV). Thus, inhala-
tional anesthetics, which produce increases in CBV, may also
produce increases in ICP. Robert Bedford, M.D. (New York,
New York) stated that, in patients having baseline increases in
ICP, hyperventilation tends to attenuate the inhalational anes-
thetic-induced increases in cerebral blood flow (CBF), and pre-
sumably CBV and ICP. However, inhalational anesthetics should
be used judiciously, particularly in patients with large or rapidly
expanding intracranial mass lesions or with evidence of a midline
shift of cerebral structures, because these patients may be at the
greatest risk for large ICP increases even with small increases in
CBV. G. J. Edelman, M.D. (Chicago, lllinois) presented data
demonstrating that isoflurane produces larger increases in in-
fratentorial than in supratentorial CBF in rats. Assuming that
these data are transferable to humans and that the CBF increases
are accompanied by increases in CBV, isoflurane may have dif-
ferent effects in patients with posterior fossa pathology than in
those with supratentorial pathology. William Lanier, M.D.
(Rochester, Minnesota) reviewed the effect of muscle relaxants
on ICP. Muscle relaxants may increase ICP either via a histamine-
mediated effect (e.g., d-tubocurarine) or a muscle afferent activity
(MAA)-mediated effect. Succinylcholine produces increases in
MAA that in turn produce cerebral stimulation manifested as
EEG activation and increases in CBF and ICP. The cerebral
stimulation is not dependent on the presence of muscle fascic-
ulations; however, it can be prevented by pretreatment with
subparalyzing doses of metocurine via a currently unidentified
mechanism.

David Smith, M.D., Ph.D. (Philadelphia, Pennsylvania) dis-
cussed fluid management in patients with elevated ICP. Accord-
ing to Dr. Smith, the brain acts as an osmometer, such that in
the presence of an intact blood-brain barrier (BBB), brain water
content (and thus brain volume) varies inversely with plasma
osmolality. In contrast, plasma oncotic pressure has no effect on
brain water content. When the BBB is disrupted, bulk flow of
water from the vasculature to brain parenchyma no longer de-
pends on Starling forces, but instead, depends on hydrostatic
pressure. Thus, in areas of disrupted BBB, neither plasma os-
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molality nor oncotic pressure has an effect on brain water con-
tent. If decreasing brain water content is a management priority,
administration of a hyperosmolar solution is appropriate. Marked
hemodilution (i.e., a hemoglobin less than 7 g/dl) may result in
a decreased oxygen-carrying capacity of the blood, sufficient to
cause secondary increases in CBF and CBV. Dr. Smith stated
that hyperglycemia repeatedly has been demonstrated to worsen
ischemic neurologic injury caused by a variety of insults. Clini-
cally, if blood glucose is monitored, one can safely delete glucose
from intravenous fluids in the perioperative period, even in chil-
dren, without the risk of adverse effect (¢.g., hypoglycemia). In
patients having preexisting hyperglycemia, insulin therapy may
result in some improvement in risk for ischemic neurologic in-
jury, although the magnitude of the improvement is not clear.
Dale Pelligrino, Ph.D. (Chicago, Illinois) reported that blunted
cerebrovascular responsiveness in diabetic rats resulted in a sub-
optimal CBF response to hypoglycemia when compared to non-
diabetic rats. This altered CBF response may have been caused
by a diabetes-induced autonomic neuropathy. During periods
of hypoglycemia, there were more severe abnormalities of so-
matosensory evoked potentials in diabetic than in nondiabetic
rats, presumably because of the influence of the altered vascular
responsiveness.

ISCHEMIC BRAIN INJURY

Dennis Choi, M.D., Ph.D. (Stanford, California) reviewed the
éxcitotoxic theory of neurologic injury. This theory predicts that
excitatory amino acids (EAA), particularly L-glutamate (Glu),
contribute significantly to hypoxic or ischemic neuronal damage.
In ischemic brain, there is an accumulation of extracellular Glu
(due to both increased release of Glu from—and decreased
reuptake into—neurons), and this Glu binds with EAA receptors.
During ischemia, the amount of extracellular Glu accumulation
is proportional to the severity of the insult. Both in vitro and in
vivo studies have demonstrated that Glu accumulation can serve
as a mediator of neuronal injury via interaction with EAA re-
ceptors. Furthermore, by administering EAA receptor antago-
nists, one can attenuate Glu-mediated cell injury. Thus, future
therapies of ischemic neuronal injury may be directed toward
antagonizing the interaction of EAAs such as Glu and their EAA-
specific receptors.

Although oxygen free radicals have been postulated as me-
diating a variety of types of cell injury, William Perkins, M.D.
(Portland, Oregon) stated that there is little evidence solidly
linking oxygen free radicals to ischemic neuronal injury or dem-
onstrating improvement in outcome produced by free-radical
scavengers. Recent advances in free-radical experimentation
suggests that because of the kinetics of free radical generation
and deterioration, a free-radical scavenging agent must be pres-
ent at the instant of reperfusion if improvement in postischemic
outcome is to occur. This hypothesis is supported by canine
studies demonstrating that the 21-aminosteroid oxygen free-
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radical scavenging agent U74006F consistently improved neu-
rologic functional recovery in a canine model of complete isch-
emia if the drug was given before, but not immediately after,
ischemia.

It has long been recognized that profound hypothermia, when
instituted before ischemia, improves postischemic neurologic
recovery, presumably because of a reduction in neuronal met-
abolic requirements during ischemia. Recent data have also sug-
gested improved recovery when modest hypothermia is instituted
before or soon after a period of ischemia. This is attributed to
effects in addition to metabolic depression. Verna Baughman,
M.D., et al. (Chicago, Illinois) evaluated the effects of modest
postischemic hypothermia (to 31° C) in a rat model of focal
cerebral ischemia. When hypothermia was initiated 1 h after the
insult, neurologic function assessed at 3 days postischemia was
improved. David S. Warner, M.D., et al. (Iowa City, Iowa) eval-
uated the effect of nitrous oxide on outcome from cerebral isch-
emia in methohexital-treated rats. Methohexital had previously
been reported to improve outcome in this model of focal isch-
emia, presumably through its depression of metabolism. Al-
though nitrous oxide has been reported to increase cerebral me-
tabolism, the addition of nitrous oxide to rats treated with meth-
ohexital did not result in a worse ischemic insult compared to
that of rats treated with methohexital alone. Ira Rampil, M.D.,
et al. (San Francisco, California) reported that the new inhala-
tional anesthetic desflurane produced EEG evidence of a dose-
dependent cerebral depression, similar to that observed during
isoflurane anesthesia. They did not identify epileptiform activity
as has been reported in dogs given desflurane.

Daniel Cole, M.D. (Loma Linda, California) reviewed the ef-
fects of manipulating blood pressure and hematocrit on outcome
after focal cerebral ischemia. Hypervolemic hemodilution is in-
tended to improve blood rheology and blood delivery to tissues.
However, despite theoretical considerations, implementation of
this therapy in patients has been reported to increase the inci-
dence of cerebral edema and myocardial infarction. In experi-
mental preparations, induced hypertension may result in tissue
preservation during focal ischemia; however, it is also associated
with an increased incidence of cerebral hemorrhage. Therefore,
the possible benefits of hemodilution, hyperterision, or the com-
bination of the two may be offset by complications induced by
these therapies.
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