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Table 40.1. Effect of inhaled anesthetics on hepatic blood flow

Agent Portal Vein Hepatic Artery
Desflurane Decrease No change

Halothane Decrease Decrease or no change
Isoflurane Decrease Increase

Nitrous oxide No direct effects

Sevoflurane Decrease No change
Methoxyflurane Decrease Decrease

ease. Hypotensiongmay occur after administration of phenothi-
azine (acepromazine) or butyrophenone (droperidol) tranquiliz-
ers because of peripheral vasodilation mediated by a-adrenergic
blockade. Phenothiazine administration has also been associated
with S_,.oacOOv;ome% and may exacerbate coagulopathy asso-
ciated with hepatopathy. Dysrhythmias such as bradycardia or
atrioventricular block and alterations of plasma glucose concen-
tration may occur after administration of xylazine or detomidine.
Diazepam is generally considered safe when used in intravenous
doses of less than 0.2 mg/kg because it causes minimal changes
in cardiovascular function. However, in animals with severe liver
dysfunction, the duration of action of benzodiazepines may be
significantly prolonged because of decreased hepatic biotrans-
formation. Diazepam may not consistently tranquilize healthy
young animals but frequently produces tranquilization in animals
with liver disease. When diazepam is administered intravenously,
it should be injected slowly to decrease vessel irritation and pre-
vent hypotension associated with the propylene-glycol carrier.
Use of benzodiazepines in animals exhibiting signs of hepatic en-
cephalopathy is controversial.

Opioids

These can be used in patients with liver disease. Morphine and
meperidine can cause release of histamine, which may cause hy-
potension and a decrease in total hepatic blood flow. Morphine
also constricts the sphincter of Oddi in people, yet the signifi-
cance in obstructive biliary disease in animals is unknown.
Opioid side effects should be treated if they appear to affect car-
diac or respiratory function. Opioid-induced bradycardia may
decrease cardiac output and should be prevented by administra-
tion of an anticholinergic agent. Respiratory depression from
opioids may lead to decreased oxygen delivery to all body tis-
sues, including the liver. Careful dose titration of the opioid an-
tagonist naloxone can relieve depression of respiration while
maintaining some of the analgesic and sedative effects of the
opioid agonist. Butorphanol and buprenorphine are associated
with less respiratory depression than other opioid agonists and
may be reasonable choices for patients with hepatic disease
when maximal opioid analgesia is not required. Fentanyl, deliv-
ered by continuous-rate intravenous infusion, enables rapid indi-
vidual patient dose titration and is an effective and reasonably
safe method for providing opioid analgesia to patients when
liver function is unknown.

Thiobarbiturates

These should be used in low doses or their use avoided in patients
with liver disease. A single, intubating dose of thiobarbiturate is
not necessarily contraindicated because it will be redistributed
from the brain to less well perfused tissues, terminating the anes-
thetic effect. However, liver disease may affect the duration and
depth of thiobarbiturate-induced anesthesia because of increased
sensitivity of the central nervous system or hypoalbuminemia
and decreased protein binding of the anesthetic. Anesthesia
should not be maintained by redosing thiobarbiturates in patients
with liver disease.

Methohexital is a methylated oxybarbiturate, and although it is
more rapidly metabolized than thiobarbiturates, it is associated
with excitation and possible seizureg during the recovery period.
For this reason, methohexital should be avoided in patients with
hepatic encephalopathy.

Propofol and Etomidate

Propofol is an alkylphenolic compound used for induction of
anesthesia that is supplied in a lecithin emulsion, giving it a milky
white appearance. Redistribution and metabolism of propofol
after a single injection are extremely rapid. The total body clear-
ance of propofol exceeds hepatic blood flow, indicating sites other
than the liver (e.g., lung) may play a role in its elimination.
Propofol is about 90% excreted by the kidneys as glucuronate-
conjugated metabolites.® Because of its dependence on glucuro-
nidation for biotransformation, cats appear to have a more pro-
longed duration of propofol-induced sedation "and hypnosis
compared with dogs, especially following large or repeated doses.
Indications for use of propofol are similar to those for the thiobar-
biturates. The major advantage of propofol over a thiobarbiturate
is the rapid rate of propofol elimination. In dogs, the incidence of
apnea immediately after injection seems to be greater than that as-
sociated with thiobarbiturates.

Etomidate is an imidazole compound used for induction of
anesthesia. It is supplied as a weak base in a propylene-glycol ve-
hicle. As with other drugs formulated with propylene glycol, it
can be irritating when injected intravenously.” Etomidate does
not decrease hepatic perfusion. It has a short duration of action,
primarily because of rapid redistribution from the brain to mus-
cle tissue. Etomidate is metabolized by the hepatic microsomal
enzyme system, as well as by plasma esterases. The total body
clearance rate for etomidate is five times as fast as for thiopental,
although clinically the duration of action is similar after a single
dose.* Etomidate has been shown to cause adrenocortical sup-
pression with repeated administration.® The importance of etomi-
date-associated inhibition of steroidogenesis after single-bolus
administration in patients with hepatic disease is unknown. In
both humans and dogs, etomidate continuous-rate intravenous in-
fusion has been associated with hemolysis.®'® Hemolysis ap-
pears to be caused by the propylene-glycol vehicle in which eto-
midate is formulated. In dogs, red blood cell counts during and
10 min after termination of a 60-min infusion of etomidate were
not significantly different from preinfusion values.! All dogs in
the aforementioned study appeared normal after recovery from
anesthesia maintained with etomidate. Thus, the clinical signifi-
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recovery to standing. Atracurium is a nondepolarizing muscle re-
laxant whose metabolism is independent of hepatic function.
Atracurium undergoes plasma degradation via a metabolic path-
way termed Hofmann elimination that depends primarily on
plasma pH and 85@92:8.@. For patients with hepatic disease
requiring neuromuscular blockade, atracurium seems to be a
good choice.

Succinyicholine is a depolarizing muscle relaxant that is de-
graded by plasma cholinesterase. Cholinesterases are produced
by the liver. Organophosphate compounds have cholinesterase-
inhibiting activity and may potentiate the action of succinyl-
choline.?® The phenothiazine tranquilizers (e.g., acepromazine)
may inhibit cholinesterase activity, so succinylcholine should be
used cautiously i patients medicated with acepromazine. The
use of both acepromazine and succinylcholine should be avoided
in patients with hepatic disease. ,

Centrally acting muscle relaxants such as guaifenesin (glyc-
eryl guaiacolate) or mephenesin are metabolized by the liver.3132
Although the margin of safety for use of guaifenesin is wide, side
effects following administration of large doses include moder-
ate hypotension, decreased tidal volume, and concentration-
dependent hemolysis. Toxic effects may be caused by the meta-
bolite catechol, which causes seizures, opisthotonos, prolonged
incoordination, and respiratory paralysis. Increased incidence in
side effects or occurrence of toxic effects may be observed when
guaifenesin is administered to animals with hepatic disease.

General Guidelines for Patients with
Hepatic Disease

Hepatic disease affects several vital body functions, with signifi-
cant impact on anesthetic considerations (Table 40.2). Most in-
Jjectable anesthetics are metabolized by the liver, so elimination
may be significantly slowed in animals that are hypothermic. Use
of heated circulating water blankets and administration of warm
intravenous or irrigation fluids is advised. The advent of force
air-warming systems (e.g., Bair Hugger) has dramatically re-
duced intraoperative and postoperative hypothermia.

Glucose metabolism is frequently affected by hepatic disease.
Homeostasis of glucose can be maintained with loss of up to 80%
of functional liver mass. Nevertheless, patients with severe he-
patic disease that are stressed by anesthesia and surgery may be-
come hypoglycemic. Hypoglycemia is present in 35% of dogs
with portocaval shunts.3? For this reason, blood glucose concen-
tration is routinely determined and glucose administered in com-
bination with isotonic crystalloids when indicated. If not cor-
rected, hypoglycemia may delay recovery from anesthesia.

Excessive weight of ascitic fluid may impede lung expansion
and pulmonary function. Ascitic fluid should be removed prior to
anesthesia. Rapid removal of a large quantity of fluid may cause
a fluid shift from the vascular space to the abdominal cavity as
the formation of ascites continues. This can cause serious hypo-
volemia and cardiovascular compromise. Hypoalbuminemia is
often present in patients with liver disease. When the albumin
concentration is less than 1.5 g/dL, the plasma oncotic pressure
is decreased such that pulmonary edema may occur following in-

Table 40.2. General guidelines for patients with hepatic disease

Evaluate coagulation profile prior to surgery

Use rapidly eliminated agents when appropriate (e.g., inhalant
anesthetics and propofol)

Monitor hydration status

Monitor blood glucose, plasma albumin, and total protein
concentrations

Monitor and maintain arterial blood pressure greater than 60
mmHg

Maintain eucapnia using appropriate ventilatory support

Be prepared to treat seizures with diazepam

Be aware of potential thromboembolic complications

Y

travenous fluid administration with crystalloids. Arterial blood
pressure may be difficult to maintain when plasma oncotic pres-
sure is significantly decreased. Replacement of albumin and
plasma proteins is indicated in these cases. If matched plasma
from a donor animal is not available, dextran 70 (up to 20 mL/kg)
or Hetastarch (10 to 20 mL/kg) may be administered. Although
dextran will aid in reestablishing plasma oncotic pressure, its du-
ration of effect is not as great as that of plasma. Human albumin
solution (2.5 to 5.0 mL/kg intravenously) has been used in dogs
and cats, as well.

Seizures caused by hepatic encephalopathy may require treat-
ment. Diazepam or phenobarbital is commonly used to control
seizures, but both drugs are metabolized by the liver, and signif-
icantly altered pharmacokinetics may result in prolonged dura-
tion of action. Avoid the use of anesthetics that may induce
seizure activity, such as enflurane, ketamine, tiletamine
(Telazol), or methohexital. There may be increased cerebral sen-
sitivity to y-aminobutyric acid (GABA) in some patients with he-
patic disease. This increased sensitivity to GABAergic inhibition
within the central nervous system may enhance the depressant ef-
fects of the barbiturates and benzodiazepine tranquilizers.

When there is concern about an animal’s ability to metabolize
anesthetics because of hepatic disease, use of local anesthesia
may be considered as an adjunct to general anesthesia or as a sub-
stitute when appropriate. Although animals that are not depressed
usually require tranquilization for effective use of local anesthe-
sia, those with hepatic disease are likely to be depressed and
therefore may require less tranquilization or sedation. Local anes-
thetics of the ester class (e.g., procaine and tetracaine) are metab-
olized by plasma cholinesterases produced by the liver, whereas
the amide class (lidocaine, mepivacaine, and bupivacaine) is di-
rectly metabolized by the liver. For this reason, the generalized ef-
fects of local anesthetics may be prolonged and the toxic effects
more apparent in patients with severe hepatic disease. This is un-
likely to be a major deterrent for their clinical use, however.

Because of the liver’s role in production of coagulation factors,
the coagulation profile (one-stage prothrombin time and acti-
vated partial thromboplastin time) should be evaluated before
surgery in patients with hepatic disease. If coagulopathy exists,
fresh-frozen plasma or whole blood should be available and ad-
ministered. Additionally, some hepatic neoplasms are associated
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