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904 e Anesthesia and Analgesia of Patients with Specific Disease
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Fig. 38.1. Alterations in cerebral blood flow (CBF), in milliliters per

100 g of brain tissue per minute, caused by changes in arterial ten-
sion of oxygen (PaO,), carbon dioxide (PaCO,), and mean arterial
blood pressure (MAP). Redrawn from Shapiro.!

Only at very low arterial oxygen tensions does the CBF
change in response to oxygen partial pressure. When arterial
oxygen partial pressure (Pa0,) decreases below a threshold of 50
mm Hg, CBF increases (Fig. 38.1). The relationship between ar-
terial carbon dioxide partial pressure (PaCO,) and CBF, on the
other hand, is linear. CBF increases by about 2 mL - min~! - 100
g~ ! of brain tissue for every 1-mm Hg increase in arterial carbon
dioxide over the range of PaCO, from 20 to 80 mm Hg.” Hyper-
ventilation has been used extensively in neuroanesthesia to re-
duce CBF (via cerebral vasoconstriction). This maneuver de-
creases tissue bulk, facilitating intracranial surgery. Although
quite effective, this technique is somewhat controversial in some
situations, because a potential exists for the diversion of remain-
ing blood flow preferentially to diseased tissues lacking autoreg-
ulation at the expense of normal brain tissue.? Deliberate hyper-
ventilation to decrease ICP may be risky when mean arterial
blood pressure is reduced to less than 50 mm Hg. The ensuing is-
chemia could be deleterious to normal brain tissues if a “steal” of
CBF diverts remaining blood flow.2® The rapid and substantial
reduction in CBF and ICP achieved by hyperventilation makes it
a valuable tool for the immediate reduction in brain bulk to facil-
itate intracranial surgery and to feduce acute brain swelling.

Although controversial, restriction of intravenous fluids to
only that volume necessary to maintain adequate circulating vol-
ume and cardiac output is usually recommended in neurosurgical
patients with increased ICP.!%11 Excessive fluid volume has been
associated with increased central venous pressure, decreased ve-
nous outflow, and increased risk of compounding cerebral
edema. Diuretic therapy is frequently indicated in the medical
management of patients with intracranial masses and elevated
ICP or cerebral edema.® Dextrose administration is somewhat

controversial and must be individualized to the situation. Hyper-
glycemia is associated with adverse outcome in animals with
cerebral ischemia, and cerebral edema can be exacerbated by ad-
ministration of isotonic dextrose. However, intravenous dextrose
administration decreases the incidence of seizures in patients
after metrizamide myelography and is indicated in hypoglycemic
seizures or hypoglycemic coma.!-1%13

Glucocorticoids are effective in the treatment of some forms of
cerebral edemal4 and have been shown to be effective in reduc-
ing the increased ICP that is caused by brain tumors and hydro-
cephalus. Glucocorticoid therapy may be considered in the man-
agement of patients with cerebral edema associated with primary
or metastatic brain neoplasia. Since dexamethasone administra-
tion has been shown to reduce the rate of CSF formation in dogs,
steroid administration may be of some value in the preanesthetic
management of hydrocephalic patients considered at risk of fur-
ther increases in ICP.1415 Corticosteroids are now known to be
contraindicated in cases of CNS trauma.

Pharmacological Considerations

Sedatives, Tranquilizers, and Analgesics
For many years, the suspected increased seizure activity associ-
ated with administration of the phenothiazine (e.g., acepro-
mazine) and possibly butyrophenone (e.g., droperidol) tranquil-
izers contraindicated their use in seizure-prone patients and in
patients for diagnostic EEG.'6 A more recent retrospective study
indicates that acepromazine does not potentiate seizure activity.!”
Control of seizures with benzodiazepine tranquilizers (e.g., di-
azepam or midazolam) is desirable in the management of
seizure-prone patients but can obscure characteristic patterns in
diagnostic EEGs. In addition, benzodiazepines appear to de-
crease CBF and ICP.!3

Use of xylazine in dogs and cats is controversial, yet clinical
evidence for or against its use in patients with neurological dis-
ease is lacking. In healthy conscious horses, xylazine (1.1 mg/kg
1V) decreased CSF pressure measured at the lumbosacral
space.l® Horses anesthetized with pentobarbital and subse-
quently given xylazine (1.1 mg/kg IV) had no change in either
lateral ventricle or lumbosacral CSF pressure. Horses given
detomidine (20 pg/kg IV) also had a reduction in CBF3!
Medetomidine administered to isoflurane-anesthetized dogs had
no effect on ICP measured using a fiberoptic transducer, whereas
antagonism of medetomidine by using atipamezole was associ-
ated with a dramatic transient increase in ICP.2> Dexmede-
tomidine, the pharmacologically active stereoisomer of medeto-
midine, decreased CBF in both halothane and isoflurane
anesthetized dogs.2>?* Thus, although the effects of a,-agonists
on ICP may differ in horses and dogs with head trauma or neu-
rological disease, they appear to be rational choices to provide
sedation for examination or as a preanesthetic medication.
Venous congestion in the head, when positioned below the level
of the heart, may be associated with an increase in ICP.
Therefore, the dose of xylazine or detomidine should be titrated
to prevent excessive head lowering and possible resultant in-
creased ICP in horses or other species.
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Nitrous oxide has substantial cerebrovascular effects. Al-
though there are conflicting reports and a minority opposing
opinion, adverse effects of nitrous oxide have been well docu-
mented in animals undergoing neurosurgery.>3! Nitrous oxide
causes the most profound increase in both CBF and ICP of all the
inhalant anesthetics. Owing largely to the limited potency of ni-
trous oxide in veterinary patients, its use is primarily in combina-
tion with other general anesthetics. The combination of volatile
anesthetic gases and nitrous oxide can produce greater increases
in CBF and ICP. In rabbits, nitrous oxide administration pro-
duced a consistent increase in CBF and ICP regardless of
whether it was combined with halothane, isoflurane or fentanyl-
pentobarbital anesthesia.!® Furthermore, these potentially ad-
verse effects were pot blocked by hyperventilation. In dogs, ni-
trous oxide increases CMRO, by 11%. In anima models of
regional cerebral ischemia, the use of nitrous oxide worsens the
neurolqgical outcome.’ The disadvantages of nitrous oxide
would mwwoﬂ to be substantial for many neurosurgical patients.

Anesthetic Management of Specific
Neurological Problems

Myelography and Intervertebral Disk Disease
For the relatively common surgical procedures to decompress
cervical or thoracolumbar intervertebral disk herniation, anes-
thetic management should address (a) protection from possible
seizures and other potential complications associated with ad-
ministration of myelographic contrast agents, (b) perioperative
pain relief, (¢) maintenance of adequate spontaneous ventilation,
and (d) management of concurrent disorders such as urinary
incontinence or other factors predisposing patients to adverse
recovery.

Radiographic contrast myelography is frequently performed in
the immediate preoperative period to localize the lesion(s) and to
identify the proper site(s) for surgical decompression. As this pro-
cedure is often performed during the same anesthetic period, pa-
tient management is designed to optimize conditions for both the
diagnostic (radiographic) and the therapeutic (surgical) proce-
dures. Dural puncture for sampling of CSF and/or for administra-
tion of myelographic contrast agent requires a depth of anesthesia
at less than a surgical plane but adequate to prevent patient move-
ment with subsequent trauma. Considerations for an anesthetic
protocol suitable for spinal cord surgery are listed in Table 38.2.

Avoiding the use of potent respiratory depressants and using a
light surgical plane of anesthesia-will optimally maintain sponta-
neous ventilation during myelégraphy. Among the less frequent
complications associated with- myelography are respiratory de-
pression or respiratory arrest and cardiac arrhythmias.??
Preoperative administration of an anticholinergic will reduce the
incidence of bradycardia. Respiratory depression is probably
referable to effects of the contrast agent at the level of brain stem
and medullary respiratory centers. As such, respiratory effects
are most likely to be associated with “high” myelograms, typi-
cally those showing contrast agent ascending to the brain and
brain stem. The incidence of seizure activity and the other poten-
tial adverse side effects of myelography appears to be greatly re-

Table 38.2. Anesthetic management for intervertebral disk disease.

1. Benzodiazepine tranquilization (e.g., diazepam, 0.2 mg/kg 1V)

2. Low-dose opioid (e.g., hydromorphone, 0.2 mg/kg IV or IM)

3. Anticholinergics if needed, especially before myelography
(atropine, 0.04 mg/kg IM)

4. Induction with thiopental (15 mg/kg IV) or propofol (3 mg/kg
IV) administered to effect

5. Avoid hyperextension of the neck in cases of cervical trauma,

instability, or disk disease

Maintenance of protected airway during the procedure

Judicious fluid therapy

Positioning of the patient to avoid venous occlusion

Use of intraoperative and postoperative opioids for pain

management i

©o~No

X

IM, intramuscularly; and IV, intravenously.

duced with use of newer contrast agents such as iopamidol and
iohexol rather than metrizamide.?3->* Hyperflexion of the cervi-
cal spine for cisternal CSF collection and for cervical administra-
tion of myelographic contrast can easily kink most endotracheal
tubes, causing airway obstruction. Endotracheal tubes that are ar-
mored or contain spiral wire are quite resistant to kinking. Metal
or other radiopaque reinforcement in the armored tubes makes
them unsuitable for use in cervical and cranial radiographic stud-
ies. Close attention to adequacy of the airway and spontaneous
ventilation is of paramount importance when mwxmum the neck.

In addition to the precautions and considerations appropriate
for thoracolumbar disk disease, cervical disk disease can be as-
sociated with increased risk of cardiac arrhythmias and respira-
tory arrest.> Vagal stimulation during ventral approaches to the
cervical spine may increase with retraction of the carotid sheath.
Frequently, there appears tq be greater postoperative pain with
cervical as opposed to thoracolumbar surgical repairt, possibly in-
dicating a neuropathic component to the postoperative pain.
Patient positioning for a ventral cervical approach often is dorsal
recumbency with the neck extended. Patients should be observed
carefully during and after positioning, because overextension
may lead to respiratory arrest or cardiac arthythmias.

Patients having lost deep-pain perception are surgical emergen-
cies. Rapid-sequence induction, using intravenous general anes-
thetics rather than inhalation induction of anesthesia, is indicated
if the animal has or may have a full stomach. Additional manage-
ment related to the emergent nature of their distress may be indi-
cated. The fact that these animals do not feel painful stimuli to the
rear limbs suggests that these areas preferentially can be used for
placement of injections and intravenous catheters without con-
tributing additional pain to an already highly stressed patient.

Anesthesia for Horses with Cervical Vertebral
Instability (Wobbler Syndrome)

The preanesthetic dose of xylazine administered to a horse with
wobbler syndrome should be decreased to prevent the horse from
becoming recumbent prior to induction of anesthesia. Xylazine
should not be administered until the horse is moved to the induc-
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908 e Anesthesia and Analgesia of Patients with Specific Disease

mendations before anesthesia is attempted. In horses, treatments
for status epilepticus include use of anticonvulsants such as di-
azepam, midazolam, pentobarbital, phenobarbital, phenytoin,
primidone, chloral hydrate, and the combination of guaifenesin
with a thiobarbiturate.*! Foals exhibiting seizure activity may be
treated with diazepam (5 to 10 mg IV), phenytoin (5 to 10 mg/kg
1V, intramuscularly, or orally), or phenobarbital (with plasma-
level monitoring).*2 A complication associated with treatment of
seizures in neonatal foals is the altered disposition of drugs.
Functional hepatic microsomal enzymes and renal function in
neonates is immature. Thus, concurrent medication with other
drugs may cause unexpected interactions or changes in elimina-
tion, necessitating careful patient monitoring and alteration of the
anticonvulsant dogage regimen.

Phenothiazine tranquilizers have been shown tosaugment epi-
leptiform activity on the electroencephalogram of dogs.®?
Intrathecal injection of radiographic contrast agents is frequently
associated with seizures.** Therefore, the use of acepromazine
and other phenothiazine tranquilizers has usually been avoided in
animals with preexisting seizures and in animals undergoing
myelography (Table 38.4).

Horses sedated with xylazine demonstrate electroencephalo-
graphic slowing with irregular waveforms.** Xylazine (0.1 to 0.2
mg/kg IV) and diazepam (0.2 mg/kg 1V) have both been sug-
gested as effective injectable treatments for seizures in horses re-
covering from anesthesia.*® Seizures occurring after myelogra-
phy that are not controlled by injections of xylazine or diazepam
may be treated by reanesthetizing the horse with guaifenesin and
a thiobarbiturate. Anesthesia with an inhalation anesthetic may
be necessary for up to 1 or 2 h until seizure activity wanes.

In horses, the accidental intracarotid injection of drugs such as
xylazine may seriously irritate neural tissues, causing a violent
reaction and seizures. Management of this potentially dangerous
situation should be directed toward manual and, preferably,
chemical restraint to prevent injury. Intravenous injection of
thiopental alone or guaifenesin combined with thiopental is rec-
ommended as soon as accidental intfacarotid injection is recog-
nized. The preplacement of an indwelling intravenous catheter is
recommended to help prevent the accidental perivascular injec-
tion of any drug. Inspired oxygen should be supplemented, and
intravenous fluids should be administered. In the case of intra-
carotid injection of xylazine, pharmacological antagonism is not
recommended. Horses given intracarotid drug injections can be

sedated for 30 min by using the combination of guaifenesin and .

thiopental and often recover uneventfully. The accidental intra-
carotid injection of larger doses may have severe neurological se-
quelae (presumably caused by-brain edema) requiring additional
symptomatic treatment.

Anesthesia for Electrodiagnostic
Techniques

Electrodiagnostic procedures are those that involve recording
spontaneous or evoked electrical activity from tissues or organs.
Although consistent with the definition, electrocardiography is
usually not considered under this rubric. In veterinary medicine,

Table 38.4. Anesthetic management of seizure-prone patients.

1. Treatment or prevention of hypoglycemia

2. Use benzodiazepines for tranquilization (diazepam or midazo-
lam, 0.2 mg/kg IV) or barbiturate sedation (phenobarbital, 2 to
5 mg/kg, IM)

3. Induction with thiopental (15 mg/kg V) or propofol (3 mg/kg
IV) administered to effect

4. Avoid enflurane for maintenance of anesthesia

5. Prevent hypoventilation and hypercapnia

IM, intramuscularly; and IV, intravenously.

clinical electrodiagnostic techniques are used to record potentials
from muscle, peripheral nerves, sffinal cord, brain stem, cortex,
and retina. In humans, these procedures are performed without
the use of general anesthetics, tranquilizers, or analgesics. With
adequate instruction, most adults will tolerate some degree of
discomfort or boredom to achieve good test results. Some proce-
dures, such as nerve-conduction studies or electromyography,
cause some pain, whereas others, such as visual or auditory
evoked potentials, may simply require human patients to concen-
trate or refrain from movement. A fundamental problem encoun-
tered in the use of electrodiagnostic techniques in veterinary
medicine is that of patient cooperation. Even during those proce-
dures in which the stimulus is innocuous, artifacts caused by
movement may render the technique ineffective. Therefore,
many of these procedures must be performed irf anesthetized or
tranquilized animals. This approach is usually less stressful to the
animals, insures a minimum of recording artifacts, and often
gives the examiner an opportunity to collect more useful data.
The obvious trade-off is nervous system function that has been
chemically altered to some degree.

The effects of anesthetics on the outcome of electrodiagnostic
procedures range from insignificant to dramatic. In some in-
stances, the use of anesthetic agents altogether precludes record-
ing certain types of potentials. The order of increasing anesthetic
effects on recordings is peripheral nerve and skeletal muscle,
spinal cord and retina, brain stem, and cerebral cortex. Even so,
as long as the effects are understood, the benefits of the record-
ings may still provide valuable diagnostic data and information.

Today, intraoperative monitoring has become standard practice
when a physician desires direct and prompt feedback about neu-
ral function during surgical procedures. The use of intraoperative
electrodiagnostic monitoring in veterinary medicine is not wide-
spread, but many electrodiagnostic laboratories judiciously use
anesthetics for their procedures. Certainly, the precautions will
vary between animal species and the physical condition of pa-
tients. An exhaustive review of anesthetic effects on these diag-
nostic techniques is not possible here, but some examples from
the literature underscore the relevance of this information.

Electroencephalogram and Electromyography

There are two procedures in which electrical activity is recorded
from spontaneously, reflexively, or volitionally active tissue. The
first is the electroencephalogram (EEG), activity produced by the
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all peaks of the auditory brain-stem potential 3 The use of at-
ropine and xylazine in dogs in combination with ketamine or
pentobarbital produces only slight changes in the latency of
BAER wave VI when compared with xylazine and atropine
alone.8 When BAER waves in dogs anesthetized with
methoxyflurane are compared with those in unanesthetized
dogs, all waves have significantly longer latencies.®¢ In gerbils,
ketamine-xylazine anesthesia induces only minor changes in the
low-frequency and high-frequency components of the auditory
brain-stem response.3’

Visual evoked potentials (VEPs) have been successfully
recorded in dogs and cats administered halothane, and in cats ad-
ministered halothane and thiamylal sodium.88-%0 In dogs, a com-
parison of VEPs from dogs anesthetized with chloralose with
VEPs from dogs anesthetized with halothane or halothane and
thiopental did not reveal any differences in the waveform.”!

Electforetinogram and Oscillatory Potentials
These can be recorded from small animals under a variety of
anesthetic conditions.?>* The effects of clinical anesthetic pro-
tocols in animals is not well documented. Methoxyflurane,
halothane, enflurane, ether, and chloroform anesthesia retards
cone adaptation curves in monkeys.?® Pentobarbital anesthesia in
cats enables visual evoked responses to be recorded with only
minor fluctuations over an 80-min period.”® Barbiturate anesthe-
sia has no effect on the maturation of the visual evoked response
during the first 2 weeks of life.?” Beyond 2 weeks of age, anes-
thesia causes an increase in the amplitude of early components
while eliminating later components altogether.

Somatosensory Evoked Potentials

Somatosensory evoked potentials (abbreviated as SSEPs, SEPs,
or SERs [somatosensory evoked responses]) are also affected by
anesthesia. Isoflurane at 1% produces a sustained latency change
in SSEP in newborn piglets.”® Halothane administration does not
affect peak latencies of lumbar spinal cord evoked potentials, but
amplitudes are reduced.” In cats, increasing levels of pentobarbi-
tal can be used to achieve therapeutic coma levels.'%° The early
brain-stem components are relatively unaffected, whereas late
brain-stem and initial cortical responses show progressive latency
increases. Late cortical waves are abolished at relatively low
doses; central conduction is unaffected, and late waves of the vi-
sual evoked response are abolished even though a single potential
survives massive doses. Components of sheep SSEPs have been
shown to be differentially sensitive to barbiturate anesthesia.!0!

Motor Evoked Potentials

The effects of isoflurane on motor evoked potentials (MEPs) in
rats has been examined using concentrations ranging from 0.2%
to 1.5%.192 There is a progressive increase in onset latency of the
compound muscle action potentials and a decrease in the peak-
to-peak amplitude and duration. Spinal cord MEPs have been re-
ported in dogs with the use of a combination of fentanyl, droperi-
dol, sufentanil, and nitrous oxide. Halogenated gas anesthetics
raised the stimulus threshold for recording MEPs as compared
with narcotic/nitrous oxide anesthesia.!%3 Peripheral nerve MEPs

have been successfully recorded from dogs when using thiopen-
tal sodium, isoflurane, and oxymorphone.!%*

Considerations for Magnetic
Resonance Imaging

Anesthetic concerns during MRI examination center on the po-
tentially dangerous environment of a strong magnetic field.
Ferromagnetic projectiles have had serious, even lethal, conse-
quences in MRI suites. Anesthetic management of animals un-
dergoing MRI exam can most simply be accomplished by means
of injectable agents.!95-107 Inhalant anesthetics have been used in
MRI suites by distancing the vital ferromagnetic components of
the anesthesia machine from the magnetic field. Use of an ex-
tended non-rebreathing circuit, such*as the Bain circuit, has been
described.!% One drawback of this technique is the higher fresh-
gas flow rates required for larger animals (>50 kg). Another mod-
ification of anesthetic technique for MRI involves the use of ex-
tended rebreathing hoses with the anesthetic machine placed near
the magnet, yet just beyond the critical point of magnetic attrac-
tion. For equine MRI, a large animal machine suitable for deliv-
ering inhalant anesthetics to horses can be used in this manner.
There is anecdotal evidence that prolonged exposure (more than
2 h) in a 3- to 5-gauss magnetic field begins to affect vaporizer
(Isotec; Datex-Ohmeda, Helsinki, Finland) output such that
higher vaporizer settings are required to maintain adequate anes-
thesia (S. Greene, personal observation). In human patients, this
effect has been reported for Fortec vaporizkrs (Cyprane,
Keighley, U.K.).!% Although many vaporizers are mainly con-
structed from nonferrous materials, many do contain components
attracted or affected by magnetic fields.!10

Anesthesia in MRI suites can be monitored by using MRI-
compatible equipment to measure the electrocardiograph, blood
pressure, pulse oximetry, and airway gases.!!! Less expensive al-
ternatives include use of remotely placed monitors with special-
ized cabling designed to avoid interference with the magnetic
field and induction of electric currents leading to burns. Simple
systems can be used to measure direct arterial blood pressure,
such as the aneroid manometer placed beyond the magnetic field
or several feet of extension tubing placed between the transducer
and patient. Some dampening and degradation of the arterial
pulse wave may occur, but often direct measurement or arterial
blood pressure is invaluable to assure maintenance of adequate
cerebral perfusion pressure.

Because the magnetic fields vary considerably among various
MRI units in clinical practice, consultation with a knowledgeable
biomedical engineer is advised prior to implementing a monitor-
ing system or novel means of anesthetic delivery.
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