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916 e Anesthesia and Analgesia of Patients with Specific Disease

Table 39.1. Effects of anesthetics on renal blood flow (RBF) and
glomerular filtration rate (GFR)?.

Drug RBF GFR

Desflurane No change Decrease

Enflurane Decrease Decrease

Etomidate No change No change

Halothane Slight decrease Decrease

Isoflurane Slight decrease Decrease

Ketamine Increase Decrease or no change

Propofol No change No change

Sevoflurane Slight decrease Decrease

Thiopental No change No change or slight

- decrease

. S
“Injectable anesthetics administered as a single intravenous bolus.
Halogenated inhalants administered for maintenance of anesthesia.

A

lizers. Phenothiazine and butyrophenone tranquilizers block a-
adrenoceptors and dopamine receptors. a-Adrenergic blockade
may induce peripheral vasodilation and hypotension. Dopamine
receptor blockade by acepromazine premedication may prevent
dopamine-induced increases in RBF during surgery.

Intraoperative administration of epinephrine for hemostasis
will increase renal vascular resistance and may reduce RBF sig-
nificantly.® Renal failure may occur occasionally in animals that
have been given epinephrine for hemostasis during otherwise un-
eventful anesthesia.” Following the initial ischemic insult, renal
perfusion may remain altered because of other mechanisms. In
experimental dogs injected intrarenally with norepinephrine,
saline administration restored RBF but did not correct oliguria.®
Necropsy of animals following acute renal failure may not detect
renal damage because histological evidence may not be evident
until 3 or 4 days after injury.’

Anesthesia and the stress associated with surgery cause release
of aldosterone, vasopressin, renin, and catecholamines. Thus,
RBF and GFR (and therefore urine production) are generally de-
creased with surgery in any patient. For most patients, the effects
of inhaled anesthetics on renal function are reversed at the termi-
nation of anesthesia. Some patients, however, may not regain the
ability to regulate urine production for several days.!0
Postanesthetic oliguria should be evaluated as soon as is feasible.

Some drugs used in the perianesthetic period have a signifi-
cant effect on urine productiofl. a,-Adrenergic agonists can dra-
matically increase urinary output and reduce urinary osmolal-
ity."! Xylazine is believed to decrease ADH concentration in
mares, accounting, in part, for increased urine an:oaoc._m
Detomidine-induced diuresis has also been reported in horses.!3
Because a,-adrenergic agonists can induce diuresis, they should
not be used in animals that have urethral obstruction. Reports on
the effects of opioids on ADH secretion are confusing. The anti-
diuresis following morphine administration in animals has been
attributed to increased release of ADH.!# Others suggest this is a
response to stress associated with surgical stimulation.!3 Opioids

Table 39.2. Potential nephrotoxins in the perianesthetic period.

Aminoglycoside antibiotics
Amphotericin B

Bilirubin

Free fluoride ion

Hemoglobin

lodinated radiographic contrast agents
Methoxyfiurane

Myoglobin

Nonsteroidal anti-inflammatory agents
Oxalate

may cause urine retention when adhinistered systemically or as
an epidural injection.

Nephrotoxic drugs administered during anesthesia may cause
oliguria (Table 39.2). Methoxyflurane is the only anesthetic known
to cause nephrotoxicity as a consequence of biotransformation to
oxalate and free fluoride ion.!%-18 Methoxyflurane anesthesia com-
bined with flunixin meglumine precipitates renal failure in dogs.'
Aminoglycoside antibiotics are potentially nephrotoxic and also
enhance the renal toxicity of methoxyflurane.?

Effects of Renal Insufficiency on
Anesthesia

Renal insufficiency/failure and renal azotemia ih patients with
renal insufficiency can alter the response to anesthetics.
Azotemia may be associated with changes in the blood-brain bar-
rier, leading to increased drug penetration into the central ner-
vous system. Patients with renal insufficiency/failure may be aci-
dotic, which will increase the fraction of unbound barbiturate and
other injectable drugs in the,plasma. Thus, lower doses of highly
protein-bound injectable anesthetics may be required in acidotic
patients.

Hyperkalemia may be present in animals with renal insuffi-
ciency/failure, obstructed urethra, or rupture of the urinary blad-
der. Acidosis may be associated with a concurrent increase in
serum potassium. Patients in renal failure with hypocalcemia are
at even greater risk, because hypocalcemia potentiates the my-
ocardial toxicity of hyperkalemia. Further, administration of suc-
cinylcholine will transiently increase serum potassium concen-
tration.?! Succinylcholine-induced increases in potassium are
potentially life threatening in animals with hyperkalemia. In con-
trast, elevation in serum potassium is not observed after adminis-
tration of nondepolarizing neuromuscular blocking agents. It
should be remembered that patients with hypermagnesemia asso-
ciated with chronic renal failure may have prolonged recovery
from nondepolarizing neuromuscular blocking agents.?? In gen-
eral, patients having a serum potassium concentration greater
than 5.5 or 6.0 mEg/L should not be anesthetized until the hyper-
kalemia can be addressed. Electrocardiographic (ECG) abnor-
malities are commonly observed with potassium concentrations
exceeding 7 mEg/L. The resting membrane potential of cardiac
muscle depends on the permeability and extracellular concentra-
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918 ® Anesthesia and Analgesia of Patients with Specific Disease

Tests of Renal Function

Measurements of the GFR and renal tubular function, such as
urine specific gravity and blood urea nitrogen (BUN), are not
specific for renal disease. Serum creatinine is a more specific in-
dicator of the GFR than BUN because it is influenced by fewer
extrarenal variables. It is important to keep in mind that greater
than 75% nephron loss is necessary for most patients to become
persistently azotemic. Thus, patients with mild renal insuffi-
ciency may not have elevated serum creatinine. Persistent pro-
teinuria and/or cellular or granular cylinduria may indicate renal
damage prior to the onset of renal azotemia.

In addition to BUN, serum creatinine concentrations, and uri-
nalysis, patients wjth renal insufficiency should be evaluated to
determine acid-base balance, electrolyte concentrations (espe-
cially potassium), exercise intolerance, hematocrit, »hydration,

and :ﬁ:a production.

Postoperative Oliguria

Postoperative oliguria (<0.5 mL - kg™! - h™!) should be investi-
gated. If the animal does not have congestive heart failure or pul-
monary edema, a fluid challenge of 5 mL/kg isotonic sodium
chloride may be given. If urine production increases, the animal
was hypovolemic and fluids should be continued. If not,
dopamine may be infused at a rate of 1 to 3 pug - kg ! - min~ !,
Dopamine improves renal function when used at low doses by in-
creasing RBF, GFR, urine output, and sodium excretion, and by
decreasing renal vascular resistance.?® At moderate doses (ap-
proximately 5 to 10 pg - kg™! - min!), dopamine activates B-
adrenoceptors in addition to DAI receptors, which may dilate
renal arterial beds and increase cardiac output. As previously
mentioned, dopamine doses above approximately 10 pg - kg !-
min~! can cause a-adrenoceptor stimulation, vasoconstriction,
and decreased RBF even though systemic arterial blood pressure
may increase. Dopamine may also be beneficial because it in-
hibits intrarenal norepinephrine release and has an antialdos-
terone effect.! Recall that, in patients medicated with acepro-
mazine, low-dose dopamine may be ineffective at increasing
RBEF, because of dopaminergic receptor blockade.

The use of diuretics in the perioperative period is controver-
sial. In a study of human patients, acute renal failure treated with
diuretics such as mannitol and furosemide was not resolved.?’ In

a dog model of uranyl nitrate—induced acute renal failure, a com-

bination of furosemide and dopamine was effective in restoring
RBF and creatinine o_omam:om, whereas either drug alone was
not.?8 In a more recent study, greater diuresis, natriuresis, and
calciuresis and less kaliuresis occurred in normal dogs given a
constant rate infusion of furosemide (0.66 mg/kg I'V loading dose
followed by 0.66 mg/kg/h) when compared with intermittent
bolus administration.?” Furosemide is used to promote diuresis in
patients with pulmonary edema but should not be used when a
patient is known to be hypovolemic. In hypovolemia, furosemide
may increase nephrotoxicity of other drugs by increasing their
contact time in the renal tubules.® Mannitol, an osmotic diuretic,
can be given (0.25 to 0.5 g/kg slowly IV) to prevent pulmonary

edema or hyponatremia if the kidneys do not respond to fluid ad-
ministration and the patient becomes volume overloaded.

Urethral Obstruction

Patients with urethral obstruction may become hyperkalemic,
azotemic, acidotic, and hyperphosphatemic. Cats may also de-
velop hyperglycemia, hypocalcemia, and hyponatremia. Hypo-
natremia is associated with leakage of urine into the peritoneal
cavity.3! Any metabolic abnormalities should be evaluated and
addressed prior to anesthesia, if possible. Hyperkalemia is the
primary concern in most cases of urethral obstruction, and a pre-
anesthetic electrocardiogram assessment is warranted. Treatment
of hyperkalemia has been &mo:mmom in preceding paragraphs.

In small animals with urethral obstruction, fine-needle cente-
sis of the urinary bladder may be performed prior to anesthesia,
although bladder injury is a potential concern. Rupture of the uri-
nary bladder during induction of anesthesia in a horse has been
described.32 Perineal urethrostomy may be performed in stallions
with urethral blockage by using standing restraint and epidural
anesthesia. If general anesthesia is required while the bladder is
distended, every attempt should be made to assist the horse into
sternal or lateral recumbency during induction.

Anesthesia may be induced by using injectable or inhalation
anesthetics. In many animals, distension of the urinary bladder is
associated with increased heart rate. Cats that are chamber in-
duced should not be induced with halothane due to its arrhythmic
effects. Chamber induction with isoflurane or sevoflurane is pre-
ferred for small animals. Intravenous ketamine with a benzodi-
azepine has been used in obstructed cats even though active
metabolites of the drug are excreted by the kidney. The rationale
is that, once the obstruction is relieved, excretion of the anes-
thetic will proceed normally. However, cats with a long-term ure-
thral obstruction may develop metabolic disturbances and renal
insufficiency such that elimination of drugs is slowed even after
the obstruction has been removed. Thus, if dissociative anesthe-
sia is used, low doses of ketamine (1 to 2 mg/kg IV) can be used
in combination with diazepam (0.2 mg/kg IV). With low doses,
anesthetic action will be reduced after redistribution of the drug
into body tissues. More commonly, injectable anesthetic induc-
tion in cats with renal disease is performed by administering
propofol (2 to 5 mg/kg IV) or etomidate (1.0 mg/kg IV) slowly
to effect.

Ruptured Urinary Bladder

Rupture of the urinary bladder is a surgical emergency. Animals
may become hyperkalemic, hyponatremic, hypochloremic, and
acidotic after urinary bladder rupture.’? Intravenous fluids, such
as 0.9% sodium chloride, should be given to aid in correcting
electrolyte imbalances. Potassium enters the abdominal cavity
from the ruptured bladder and is reabsorbed into the circulation,
causing an increased serum potassium concentration. An electro-
cardiogram should be evaluated prior to induction of anesthesia
to determine whether cardiac arrhythmias or evidence of hyper-
kalemia are present. Acute hyperkalemia (serum [K*] > 5.5
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