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KEY POINTS

e Acute renal failure (ARF) is most commonly caused by hemodynamic alterations in renal
function secondary to severe systemic illness

e Nephrotoxic drug administration is another common cause of ARF, with dehydration be-
ing a risk factor.

e Horses and foals with polyuric ARF are easier to medically manage and have a better
prognosis than do horses and foals with oliguric renal failure

INTRODUCTION

Acute kidney injury (AKI) is a common occurrence in hospitalized horses." Fortu-
nately, most equine cases of AKI do not progress to fulminant acute renal failure
(ARF). When ARF occurs in horses and foals in either hospital or field practice, it is
most commonly associated with hemodynamic or nephrotoxic causes.? In human
medicine, the term AKI is used when there has been an increase in serum creatinine
of 0.3 mg/dL or greater within the past 48 hours. AKI would therefore include both
mild and severe changes in renal function. The term ARF often suffers from not having
a precise definition, but in the following article ARF is used to describe an advanced
decline in glomerular filtration that occurs over hours or days, often resulting in clinical
findings directly attributed to the marked decrease in glomerular filtration rate (GFR).®
The aims of this article are to review causes of ARF in horses and foals and provide
guidelines for diagnosis, treatments, and prognosis that might be useful in clinical
practice.

CAUSES OF ACUTE RENAL FAILURE

The most frequent causes of ARF in equines are those associated with either hemo-
dynamic or nephrotoxic mechanisms.>* Obstructive nephropathy and interstitial
nephritis are infrequent causes of ARF and acute glomerulopathies are rare in horses.
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Horses with hemodynamically mediated ARF, also referred to as vasomotor or
sepsis-associated ARF, commonly have a predisposing systemic inflammatory disor-
der. Hypotension and disseminated intravascular coagulation were frequent findings
in adult horses and foals with sepsis-associated ARF.>® Horses with colic may also
develop vasomotor nephropathy and AFR. This seems more common when sepsis,
hypotension, and abdominal distention persist following surgery. Neonatal foals with
respiratory dysfunction or neonatal encephalopathy occasionally develop ARF, but
the mechanism is unclear.” Acute heart failure and hemorrhage can result in hemody-
namically mediated ARF secondary to hypotension and/or hypoxia.®

There are several nephrotoxins reported to cause ARF in horses.>* Aminoglyco-
sides and oxytetracycline are the most common antibiotics known to cause ARF,°
although the incidence of aminoglycoside- induced ARF has seemingly decreased
in the last 25 years with the change to once daily dosing. Gentamicin and amikacin
are both causes of ARF in horses and foals, but gentamicin is more nephrotoxic
than amikacin.™® Gentamicin, amikacin, and oxytetracycline are most likely to cause
renal failure when administered to dehydrated or hypotensive equines.® Although un-
common, foals administered a single large dose of oxytetracycline as treatment for
contracted tendons have developed ARF."" Foals that are unable to stand frequently
or long enough to nurse well might be at higher risk of ARF when administered high
doses of oxytetracycline. Nonsteroidal anti-inflammatory drug (NSAID) administration
is not a common cause of ARF in horses unless hemodynamic risk factors exist.
NSAIDs can occasionally cause ARF when administered at high doses to horses
with severe laminitis.® Although there are no published data, this author has evaluated
several horses with ARF associated with bisphosphonate drug administration. This
may be more frequent when the bisphosphonate treatment is paired with an NSAID,
but | am aware of cases of ARF that occurred following only bisphosphonate treat-
ment. A recent study found that horses frequently have nonclinical increases in serum
creatinine following administration of a bisphosphonate drug.'?

Equine ARF associated with myopathy and hemolysis is relatively common.
The mechanisms likely include both hemodynamic and nephrotoxic components.
The vasomotor component in horses with myopathy could be a result of increased
catecholamine activity on renal vasculature or coagulopathy and hypoxia associated
with hemolytic disorders. Tubular epithelial damage and cast formation causing
tubular obstruction likely play a role in the disease process.

Idiosyncratic or immune-related drug reaction can cause ARF."” The author has
observed this occasionally in horses in association with intravenous administration
of non-nephrotoxic antibiotics, vitamins or hematinics and on rare occasion, following
a routine intramuscular administered vaccine. These are likely immune reactions as
the horses usually have immediate signs of anaphylaxis that subside before devel-
oping signs of uremia 48 to 72 hours later. Leptospira spp is the most common infec-
tious cause of ARF.'81°
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CLINICAL SIGNS

Often the clinical signs of ARF in horses and foals are more the result of the predispos-
ing disease such as diarrhea or septic shock rather than renal failure itself. Some adult
horses with acute oliguric renal failure present with colic. The colic signs might be
caused by increased pressure within the renal capsule, but this is not proven. Colic
signs in horses with ARF include restlessness and frequent pawing. More specific
signs directly related to renal failure are those caused by uremia.? Renal failure cases
associated with a 1-hit insult such as myopathy or an adverse drug reaction often
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develop clinical signs associated with uremia 3 days later, as it may take 3 days for the
uremic toxins to reach levels that affect attitude and appetite. Fever is not a common
finding in horses with ARF unless it is associated with a predisposing disease like co-
litis or bacteremia. When fever is present with ARF, and a predisposing cause is not
obvious, leptospirosis should be considered as a possible cause.'®°

DIAGNOSIS

Antemortem diagnosis of ARF in horses is based on history, clinical signs, and labo-
ratory findings of azotemia with concurrent isosthenuric or nearly isosthenuric urine.?
Azotemia is a biochemical abnormality identified by abnormally high serum concentra-
tions of urea nitrogen (SUN), creatinine (SCr), or more recently, symmetric dimethylar-
ginine (SDMA). All of these measurements provide estimates of GFR, and all can
increase from either intrinsic renal dysfunction or prerenal causes such as dehydra-
tion. SCr and SDMA levels are the preferred biochemical test in clinical practice for
estimating GFR.2%2" Both SCr and SDMA are freely filtered at the glomerulus and
are expected to increase proportionally to the decrease in GFR but they might not in-
crease above normal reference range until there is significant (approximately 75%)
loss in GFR.?! Because creatinine is formed in muscle, heavily muscled animals
such as male Quarter horses and some Warmbloods may have physiologic SCr con-
centrations slightly above normal reference range. Serum urea nitrogen (SUN), also
called blood urea nitrogen [BUN] generally provides a less accurate measurement
of GRF than does SCr or SDMA.22 Urea is reabsorbed from the glomerular filtrate in
the renal tubules and resorption is increased with low urine flow rates as occurs during
dehydration. Therefore, a SUN:SCr ratio has been proposed as a means of separating
renal azotemia from prerenal azotemia. Although the concept seems reasonable, this
is not a reliable test for separating the 2 conditions.?® Urine creatine to SCr ratios can
be helpful in differentiating prerenal and renal azotemia.?*

The best and most practical routine laboratory test used to distinguish renal
dysfunction/azotemia from prerenal azotemia is urine specific gravity (USG). The abil-
ity of the kidney to dilute or concentrate urine is lost when approximately two-thirds of
tubular function is lost, and urine osmolarity will be comparable to serum osmolarity.
Horses with ARF generally have a USG between 1.008 and 1.016, which corresponds
to the osmolarity of serum and glomerular filtrate within Bowman capsule. Some hors-
es with peracute RF and azotemia may have USG as high as 1.022.2% This higher than
expected value may be caused by an azotemic/glycemic increase in serum osmolar-
ity, an increase in solutes (eg, glucose or protein) in the urine, or variations in individual
nephron function that are yet to achieve a steady state USG. Regardless, if the
azotemic horse has a USG greater than 1.025, prerenal azotemia is the most likely
cause. USG measurement via refractometer provides a more accurate estimate of
urine osmolarity than urine dipsticks.?? It is important to remember that some degree
of prerenal azotemia is often present in patients with ARF. Cytologic examination of
the urine can be helpful when evaluating suspected ARF cases, because AKI is
frequently associated with increased red blood cells and occasionally casts in the
urine. High white blood cells in the urine may suggest an infectious/inflammatory
cause of the AKI.

Serum electrolyte abnormalities are common in horses with ARF, with hyponatremia
and hypochloremia being the most common abnormalities.?> Serum potassium con-
centrations are variable in acutely azotemic horses but when elevated, ARF, prerenal
azotemia, obstructive nephropathy and uroabdomen are potential causes. With oligu-
ric or anuric ARF, serum potassium concentrations may occasionally be dangerously
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high (>5.5 mEg/L) and require specific medical treatment (glucose or bicarbonate) to
decrease potassium concentrations. Potassium levels generally decrease quickly
following fluid therapy with prerenal azotemia. If the potassium concentration remains
high after rehydration in a horse with azotemia, primary renal dysfunction should be
considered likely. Serum magnesium can be high with either renal or prerenal
azotemia, and metabolic acidosis can occur from either severe renal dysfunction or
predisposing diseases. Serum calcium can be increased in ARF, although this is
more commonly found with chronic renal failure.?®

Renal biopsy should be considered if there is confusion as to etiology of the ARF or if
additional prognostic information is needed. In this author’s experience, biopsy results
do not change management in the great majority of ARF cases. Renal biopsy is a rela-
tively safe procedure if performed on the right kidney with ultrasound guidance. There
are more complications reported with biopsy of the left kidney.?° Visible hematuria is
common after the biopsy, but this generally resolves within 48 hours. Colic may also
occur after the biopsy, likely related to renal or perirenal hemorrhage.?®

Ultrasound imaging of the kidneys with ARF from causes other than obstructive
causes is often disappointingly normal. Some horses with ARF may have enlarged kid-
neys with widening of and a slight increase in echogenicity of the cortex (see Dr. Marta
Cercone’s article, “Imaging of the Urinary Tract,” in this issue). Perirenal edema can be
seen in some horses with ARF, and this is in this author’s experience a poor prognostic
finding.

TREATMENT OF ACUTE RENAL FAILURE

Treatment of ARF in horses can vary depending on cause and the practical or financial
ability to provide treatments. An algorithm for possible treatment of ARF is provided
(Fig. 1). The initial treatment for the majority of ARF cases should be treatment of
any predisposing disorder (eg, sepsis, hemorrhage, or urinary obstruction) and correc-
tion of prerenal factors (dehydration and hypotension). All nephrotoxic drugs should
be discontinued if possible. Fluid therapy is a first line of treatment in most cases.
Crystalloids and vasopressors (if needed) are administered intravenously to normalize
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Fig. 1. An algorithm for possible treatment of ARF. The horse is the background is being
treated for ARF with intravenous fluids while monitoring central venous pressure.
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intravascular volume and blood pressure. Intravascular volume status can be esti-
mated by clinical examination that specifically evaluates speed of jugular vein disten-
tion following manual occlusion, heart rate, and urine production, both before and after
initiating fluid therapy. Ideally, central venous pressure (CVP) should be determined as
a measurement of intravascular volume status, but this is rarely performed in the field.
In a hospital setting, monitoring packed-cell volume (PCV) and plasma total solids
concentration can provide important information regarding intravascular volume.
Blood pressure measurements should also be performed if feasible. The optimal
mean arterial pressure needed for preservation of renal function is reported to be in
the 65 to 75 mm Hg range.?” Measuring systemic blood pressure in the field is uncom-
mon though, and indirect cuff measurements may not be accurate.?82° Therefore,
palpation of arterial pulse pressure, noting mucosal capillary refill time and change
in heart rate during fluid therapy can serve as means of estimating blood pressure.
If the horse or foal urinates a moderate to large volume after receiving fluids, one
can assume intravascular volume and systemic pressures are adequate for kidney
function.

After correcting intravascular volume deficits and improving blood pressure, the
next step in management of a horse with ARF is to determine if the patient has oliguric,
anuric, or polyuric renal failure. Observing or ideally measuring urine production can
determine this. Measurement of urine production should be performed in hospitalized
neonatal foals. In older foals or adult horses, an observational estimate of urine pro-
duction can be made. If the horse has not produced urine after an adequate fluid chal-
lenge, the bladder should be rectally palpated or visualized by ultrasound and the
kidneys examined by ultrasound to rule out an obstructive nephropathy. If the initial
fluid treatment and cardiovascular monitoring suggest oliguric or anuric ARF, CVP
measurements should be initiated (see Fig. 1). It is critical that intravenous fluids are
not given in excess to avoid abnormally high pressure in the venous circulation. If
the venous pressure is high, harmful edema forms in tissues, including in and around
the kidney, and abnormally high CVP inhibits venous return from the renal vein, further
compromising renal function. CVP measurements are not always accurate, but if per-
formed in the exact manner each time, noting the trend in pressure changes can help
assess adequacy of fluid therapy. If the patient produces a large amount of urine
following fluid therapy, treatment with fluids at approximately 2 times maintenance
can continue while monitoring urine production, CVP, and SCr. Cardiac output mea-
surements would be ideal in horses with oliguria and increased CVP, but this is difficult
to perform in the field.?®2° It is common, especially with nephrotoxic ARF, for horses to
respond well to fluid therapy and quickly become polyuric, but SCr may not decrease
significantly for 2 to 4 days. The establishment of polyuria following fluid treatments
does not guarantee the GFR will improve, although the presence of polyuria is a
good prognostic finding compared with oliguria or anuria. Serum electrolytes,acid-
base and markers of GFR should be monitored throughout the treatment. Horses
with polyuric ARF that are not eating because of uremia or a predisposing disease
can develop hypokalemia and may require potassium supplementation. Potassium-
containing fluids should be avoided in the initial fluid therapy for horses with ARF.

Historically, adult horses with polyuric ARF have been treated initially with a bolus of
hypertonic saline followed by a continuous infusion of 0.9% saline, and in this author’s
experience, most cases have recovered, assuming the initiating disease could be
treated successfully. Using hypertonic saline as an initial treatment in adult horses pro-
vides a practical way to rapidly increase intravascular volume, improve perfusion pres-
sures, and quickly enhance urine production.®® Increased urine production might
improve renal function by flushing casts from partially obstructed tubules. This might
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be particularly helpful in horses with nephrotoxic or hypoxic tubular injury where casts
are thought to commonly contribute to the decreased GFR. The administration of hy-
pertonic saline can also quickly provide valuable information as to whether the horse
has polyuric or oliguric/anuric renal failure. The use of high saline fluids in neonatal
foals has been more limited, because high aldosterone levels occur in both sick and
healthy foals and create concern about hypernatremia.®’ In human medicine, there
has been an effort to discontinue high chloride fluid treatment in septic and ARF pa-
tients because of the concern for increased AKI and less favorable outcome in patients
treated with high chloride fluids.®* The precise mechanism for the AKI and lowered pa-
tient outcome is unknown but could be associated with a high chloride concentration
at the macula densa causing constriction of the corresponding afferent arteriole.>® A
recent study did not find an association between high chloride fluid administration
and renal prognosis,®* and some nephrologists still consider saline fluids acceptable
treatment for AKI as long as plasma chloride concentration is closely monitored.3®
Similar equine studies, comparing outcome following saline versus balanced crystal-
loid fluid treatment are not available. If high chloride fluids are used in the treatment of
ARF, both serum chloride and bicarbonate should be monitored.

Horses with oliguric or anuric ARF are much more difficult to treat than those with
polyuric ARF. Fluid therapy, although the gold standard for treating polyuric ARF, is
of limited value in treating oliguric ARF beyond correcting intravascular volume deficits
and hypotension. Continued large volume fluid treatments in oliguric/anuric patients
can be harmful for reasons previously mentioned. Unless the oliguric patient can be
converted to polyuria, the prognosis is poor, because renal replacement therapy is
not widely available in horses. If fluid volume treatments are adequate to ensure
normalization of intravascular volume, but limited or no urine has been produced, arte-
rial blood pressure and cardiac output should be evaluated, as abnormalities in either
might be adversely affecting renal function in spite of normal intravascular volume. If
cardiac output or arterial pressures are thought to be abnormal, an attempt to correct
these should be the next treatment. Dobutamine (in hopes of improving cardiac index)
and norepinephrine (to normalize arterial pressures) are common treatments for these
purposes in equine practice.®® However, the ability of dobutamine to improve cardiac
function in standing horses has recently been questioned.®’ If intravascular volume,
arterial blood pressure, and cardiac output are adequate but the horse remains oligu-
ric or anuric, an abnormality in intrarenal hemodynamics (functional or structural such
as thrombosis) and/or tubular obstruction are likely causes for the oliguria/anuria. This
is assuming a primary obstructive nephropathy is ruled out. At this point, there is a
guessing game as to what drug, if any, might improve intrarenal dynamics such that
GFR and urine production are increased. No single drug has proven effective in
restoring GFR and urine production in large clinical studies in people with AKI.%®
The lack of an effective drug for treating oliguric ARF could be explained by the het-
erogeneous nature of the disease and disparate reasons for the renal dysfunction be-
tween patients.®® It seems plausible that some drugs may have been effective in a
small subset of patients in large clinical studies but not enough for statistical signifi-
cance. So what does the equine clinician do when faced with a horse with oliguric
or anuric ARF and increasing SCr after extrarenal (pre and post) mechanisms for dis-
ease are ruled out? One possibility is attempt to change intrarenal hemodynamics and
tubular function with an unproven drug treatment. Perhaps the easiest and earliest
treatment to try in hopes of causing polyuria is a single dose of furosemide, although
studies in people have not found benefit in using furosemide in treating AKI.2° Other
drugs that could be used in an attempt to improve urine production and possibly
GRF are fenoldopam, dopamine, theophylline/aminophylline, mannitol, alpha
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agonists, and norepinephrine. Fenoldopam mesylate is a selective dopamine receptor
D, agonist, which induces vasodilation of the renal vessels. Low-dosage fenoldopam
(0.04 pg/kg/min) significantly increased urine output but had no significant effect on
creatinine clearance in a healthy foal study.*° Dopamine at low doses (1-5 ng/kg/
min) can stimulate renal dopamine receptors. In awake adult horses, low-dose dopa-
mine caused renal vasodilation, increased renal blood flow, and increased urine pro-
duction without systemic cardiovascular effects.*' Although only an observation, this
author has had occasional clinical success using low-dose dopamine to improve urine
production and GRF in a small number of adult horses with oliguric renal failure. In
some horses, the oliguria returned when dopamine was discontinued and then
improved again when dopamine treatment was reinstated. In a recent publication
on a horse with myoglobinuric ARF, infusion of micro doses of dopamine appeared
effective in increasing urine production and decreasing serum levels of BUN and
creatinine.*> Aminophylline and mannitol are other drugs used in the treatment of
ARF, but like dopamine and all the drugs discussed, strong evidence for their efficacy
could not be found. Aminophylline and theophylline inhibits adenosine, a potent
afferent arteriole vasoconstrictor, and this inhibition could improve GFR.** Aminoph-
ylline has been found to lower creatinine in pediatric patients with AKI but did not
improve urine production or outcome.*® This author has had some clinical success us-
ing aminophylline to treat oliguric ARF in neonates. Mannitol treatment for ARF is diffi-
cult to recommend, because it can cause severe osmotic injury to tubules.**
Norepinephrine infusion (0.3 pg/kg/min) in healthy foals increased arterial blood pres-
sure, systemic vascular resistance, urine output, and creatinine clearance.*® | believe
norepinephrine might currently be the preferred pressor drug for the treatment of foals
with hypotension and ARF.

Horses and foals with persistent oliguria or anuria and no improvement in SCr after
appropriate fluid therapy and therapeutic trials with one or more of the above listed
drugs are candidates for renal replacement treatment. Renal replacement treatments
performed in horses and foals with ARF include peritoneal dialysis, hemodialysis, and
hemodiafiltration.'!#6:47-48 Peritoneal dialysis can be performed on horses with mini-
mal or no special equipment, but the treatment is not very effective in removing uremic
toxins or remaining toxic drugs.*® Hemodialysis and hemodiafiltration require special-
ized equipment and in horses have only been performed short term.""4548 The pur-
pose of any dialysis treatment is to reduce circulating uremic and chemical toxins
and to stabilize metabolic and fluid compartment abnormalities, providing more
time for return of renal function.

Infectious causes of ARF in horses are uncommon, but leptospirosis should be
considered in equines of all ages with ARF, fever, and pyuria without visible bacteri-
uria. Beta-lactam antibiotics or enrofloxacin are recommended treatments for equine
leptospirosis.'® ' If the SCr is greatly elevated, the antibiotic dosing interval might
need to be prolonged to prevent exceeding high and potentially toxic serum levels
of the antibiotics. Obstructive causes of ARF are mostly treated by surgical removal
of the obstruction (see Dr. Susan L. Fubini’s article, “Surgery for Uroperitoneum,” in
this issue).

PROGNOSIS OF ACUTE RENAL FAILURE

The prognosis for horses and foals with hemodynamically mediated nephropathy is
often determined more by the ability to treat the primary disease (eg, septic shock
or hemorrhage) than the degree of renal dysfunction itself. If the primary disease is
successfully treated and the patient is producing adequate urine with a decrease in
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SCr over the initial 24 to 72 hours of treatment, the prognosis is often good.>° Prog-
nostic considerations for nephrotoxic ARF include the amount of urine produced, sta-
bilization of SCr in the first 48 hours of treatment, and the concentration of any
nephrotoxic drug that may still be in systemic circulation or in the kidney. In many
cases, fluid therapy may cause a modest decline in azotemia, but this could be caused
by volume expansion alone, and only with a continual decline in SCr can the prognosis
be favorable. Two to 4 days of fluid therapy may be necessary before SCr begins to
decline following nephrotoxic ARF. Once SCr has declined to near-normal range, fluid
therapy can usually be discontinued if the horse appears clinically normal. There is
likely no reason for alarm if SCr increases 0.3 mg/dL + after discontinuing intravenous
fluid therapy, as this may just reflect a contraction of the intravascular volume.
Continued monitoring of SCr is necessary to confirm that markers of GFR continue
to normalize.

Horses and foals with oliguric or anuric renal failure have a guarded to poor prog-
nosis, respectively. If the oliguria/anuria is converted to polyuria, then the prognosis
improves, but unless there is a gradual decline in SCr to normal or near normal range,
the prognosis remains guarded. Remember that a conversion from oliguria/anuria to
polyuria does not guarantee an improvement in GFR, but it does makes continuation
of standard medical treatment possible as opposed to renal replacement treatments.

Common sense suggests that extreme elevations in SCr or other markers of GFR
would indicate a poor prognosis, but that is not always the case. This author treated
1 horse with vitamin K3-induced ARF that had an initial SCr of 21 mg/dL, and following
2 weeks of treatment, SCr was 1.7 mg/dL. Although a decline in SCr to near normal
upper reference range can often occur within a week of initiating treatment for ARF,
a final SCr concentration may not occur for 2 to 6 months after treatment. This is
because, in response to loss of nephron function, less injured nephrons may hypertro-
phy, resulting in a gradual improvement in GFR and decrease in SCr concentration.
This loss of function-gain of function relates to the heterogeneity of individual nephron
disease following AKI. If the SCr or other markers of GFR return to normal or near-
normal levels, that should indicate sufficient function for a relatively normal life span
and athletic activity, but prevention of further kidney injury from medication or hypo-
volemia is important. Although are no statistics are available, it is this author’s expe-
rience that stallions and mares that have stabilized SCr less than 3.2 mg/dL can
usually maintain their reproductive status.

Routine ultrasound examination of the kidneys of most horses with ARF provides
only modest information regarding prognosis. Perirenal edema might lower the prog-
nosis, but some horses with perirenal edema survive ARF. Unexpected complications
during treatment of ARF can negatively affect prognosis. Laminitis is not common in
horses with ARF unless they also have colitis or systemic inflammatory disease, but
it can occur without these predisposing disorders. If uremic encephalopathy de-
velops, the prognosis is grave. Horses and foals with leptospirosis and ARF have a
good prognosis with proper treatments.

Prognosis for acute obstructive nephropathy cases depends on rapid alleviation of
the obstruction and correction of life-threating hyperkalemia if present.

PREVENTION OF ACUTE KIDNEY INJURY AND RENAL FAILURE

As an equine internist, | know how disheartening it can be when a patient develops
ARF while being treated for another disease. Aminoglycosides and tetracycline are
commonly used drugs that are high risk for causing AKI and even failure, and their
risk increases if they are administered for a prolonged time or to a dehydrated or
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hypotensive patient. Therefore, it is imperative that the patient is properly hydrated
prior to or soon after initiating treatment with any nephrotoxic drug. In field practice,
clinical judgment will dictate which animals receive potentially nephrotoxic drugs prior
to fluid therapy. High-risk patients that are persistently dehydrated, hypotensive, or
hypoxemic should have SCr monitored closely when potentially nephrotoxic drugs
are being used. If SCr increases 0.3 mg/dL or more, then the nephrotoxic drug should
be withdrawn unless the drug is an essential treatment. In those cases, the drug could
be continued if intermittent bolus or continual fluid therapy diuresis is performed ,and
the interval of drug treatment is prolonged by the estimated percentage decrease in
GFR. Drug monitoring (trough levels) of aminoglycosides is used to determine if toxic
levels are being approached and as a guide to determine treatment interval. High cal-
cium diets or intravenous administration of calcium to horses provides some protec-
tion against aminoglycoside toxicity.>"-° Urinary enzymuria and urinary fractional
excretion of sodium measurements could be used to detect early nephrotoxicity.>®
These are seldom used in practice, as they rarely provide clinically important informa-
tion regarding renal function and may not have significant advantages over the close
monitoring of SCr or SDMA.

Although NSAIDs rarely cause ARF, they can cause AKI, including interstitial
nephritis, renal crest necrosis, tubular necrosis, and a decrease in glomerular perfu-
sion.>*%° Therefore, they should be used in appropriate doses and preferably in horses
with normal hydration status. Their early use in ill horses with no pre-existing renal
dysfunction is unlikely to cause functional renal problems. Selective and nonselective
cyclooxygenase inhibitors could cause renal injury if used at high doses for prolonged
periods or when administered to dehydrated horses.*>* Intravenously administered so-
dium bicarbonate and the resulting urine alkalization may provide some protection
against pigment nephosis.®® Renoprotection for horses with systemic inflammatory
diseases and ill horses undergoing general anesthesia include maintenance of intra-
vascular volume, systemic blood pressure, oxygenation; and prevention of fluid over-
load. Monitoring urine production and judicious use of nephrotoxic drugs are also
important in the prevention of ARF. Although not studied in horses, alleviation of
abnormally high abdominal pressure after abdominal surgery may improve hemody-
namics to the kidney and urine flow, both of which might improve GFR and lessen
the risk of tubular injury.>’

SUMMARY

This article provided information on causes, diagnosis, treatment, and prevention of
AKI and failure in horses and foals. Treatment guidelines based on a review of publi-
cations discussing equine and human ARF and this author’s clinical experiences treat-
ing equines with acute renal failure are provided.
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