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KEY POINTS

e Polyuria and polydipsia are rare clinical signs with numerous potential causes; in horses,
the most common causes of PU/PD are chronic kidney disease, pituitary pars intermedia
dysfunction (PPID), and psychogenic polydipsia with secondary polyuria.

e Allinvestigations into polyuria and polydipsia should begin with history, physical examina-
tion, urine specific gravity, and chemistry profile.

Important iatrogenic causes of polyuria include overhydration via fluid therapy and admin-
istration of drugs that either act directly on the kidney or incite acute or chronic renal failure
with use.

e Psychogenic polydipsia must be distinguished from diabetes insipidus by means of a wa-
ter deprivation test or, if long-standing with resultant medullary washout, modified water
deprivation test.

INTRODUCTION

Polyuria (PU), defined as an increased volume of urine, is a rare, but significant, clinical
manifestation of a wide variety of diseases (Box 1). Polydipsia (PD), or excessive thirst
and fluid intake, is the natural companion to PU because these two clinical signs nearly
always occur together. However, distinguishing which clinical sign is primary is an
important task for the practitioner. That said, although primary PD with resultant PU
does occur, primary PU with secondary PD is more likely in most cases.” As such,
this article primarily focuses on PU, with a brief mention of primary, psychogenic PD.

The maintenance fluid requirement for a healthy, adult horse is ~50 to 60 mL/kg
body weight (BW)/day, although this number can vary greatly based on environmental
factors, exercise, pregnancy status, illness, and more.? Urine production in healthy,
adult horses is 15 to 30 mlL/kg BW/d, or approximately 10 to 15 L per day for an
average, 500-kg horse." The volume of urine produced depends on water consump-
tion but is also the result of numerous environmental and physiologic factors, diet, gut
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Box 1
Causes of polyuria in the horse.

Endocrine
Diabetes Insipidus (DI)
Central DI
Nephrogenic DI
Diabetes Mellitus (DM)
Pituitary Pars Intermedia Dysfunction (PPID)*

latrogenic
Corticosteroids
Prednisolone, dexamethasone, triamcinolone, methylprednisolone, etc.
o-2 adrenergic receptor agonists
Xylazine, detomidine, dexmedetomidine
Diuretics
Fluid therapy
Excessive dietary salt
Nephrotoxic drugs
Gentamicin, oxytetracycline, polymyxin B, amphotericin B, etc.

Psychogenic
Primary*
With or without medullary washout
Salt consumption
Hepatic encephalopathy

Renal
Postobstructive diuresis
Chronic renal disease*
Acute kidney injury
Neoplasia

Infectious
Peritonitis
Pyelonephritis
Pyometra
Renal helminth infection

Toxic
Datura stramonium (thorn apple)#
Organophosphate
Cantharidin
Vitamin D
Calcium

Other
Chronic liver disease

*Most common causes of PU/polydipsia in the horse.®
#Not reported in the United States.

Adapted from Barrell EA, Burton AJ. Alterations in urinary function. In: Smith BP, Van Metre
DC, Pusterla N, editors. Large animal internal medicine. 6th edition. Saint Louis, Missouri: Elsev-
ier; 2020, 172.

fill, and water losses via other routes (eg, feces, sweat). Notably, because of their milk
diet and higher total body water, daily maintenance fluid requirements for neonatal
foals are much higher at ~250 mL/kg BW/d and normal foals will produce urine vol-
umes of up to 148 mL/kg BW/d.?
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An adult horse with PD will have a daily fluid intake in excess of 100 mL/kg BW/d,
and horses with PU will often have urine production in excess of 50 mlL/kg BW/d.2
Once it has been determined that the patient meets one or both of these criteria, inves-
tigation into the cause of PU and/or PD begins. A thorough history of both the horse
and the farm should be obtained, with special attention given to previous illness
and medication history, housing and environmental conditions, diet, and feeding
regimen. Examination of the horse from a distance allows for assessment of behavior,
posture, gait, and urination. Physical examination of the patient should be routine and
complete, with extra attention paid to mentation, body condition, oral cavity, mucous
membranes, and external genitalia.

Diagnostics can be performed in a stepwise manner, but all investigations of PU
should start with, at minimum, a chemistry profile and urine collection for evaluation
for the presence of azotemia, hyperglycemia, and electrolyte derangements, and
measurement of urine specific gravity (USG), respectively (Fig. 1). USG is the most
valuable point-of-care test for evaluating renal concentrating ability. USG is used to
compare the density of urine with that of water; water has a specific gravity of
1.000. If serum electrolytes and osmolarity are in the normal range, a USG of less
than 1.008 is considered hyposthenuric and USG of 1.008 to 1.014 would be

Polyuria/Polydipsia
(intake >10% BW or output >55% BW/day)

Clinical signs of
diabetes mellitus &

glucosuria

Confirm with insulin Confirm vith baseline
testing ACTH or TRH stim test

o |

e <1%

Pychogenic PD

Fig. 1. Algorithm for investigation of polyuria and/or polydipsia in the horse. ACTH, adreno-
corticotropic hormone; CDI, central diabetes insipidus; FEy,, fractional excretion of sodium;
MWDT, modified water deprivation test; NDI, nephrogenic diabetes insipidus; PPID, pituitary
pars intermedia dysfunction; SDMA, symmetric dimethylarginine; TRH, thyrotropin-releasing
hormone; WDT, water deprivation test. (Adapted from Knottenbelt DC. Polyuria-polydipsia
in the horse. Equine Vet Educ. 2000;12:184

97



98

Barrell

isosthenuric (same or similar tonicity as plasma). Under conditions of extreme dehy-
dration, healthy adult kidneys can concentrate urine to at least a USG of 1.055, which
is equivalent to an osmolality of nearly 2000 mOsmol/kg.® Foals, due to their large con-
sumption of milk, commonly have hyposthenuric urine; healthy adult horses rarely
have hyposthenuric urine. USG should always be evaluated in light of hydration status,
treatments such as fluids and diuretics, and serum chemistry values. Urine multisticks
do not provide an accurate measure of USG so a refractometer should always be used
for this purpose.

Additional blood work such as a hemogram; measurement of symmetric dimethylar-
ginine (SDMA), adrenocorticotropic hormone (ACTH), insulin, or bile acids; or perfor-
mance of a thyrotropin-releasing hormone (TRH) response test may be the
necessary next steps. Urinalysis and fractional clearance of sodium or other solutes
may be useful for identifying early renal disease, whereas water deprivation test
(WDT) and modified water deprivation test (MWDT) will help the practitioner distin-
guish psychogenic PD from diabetes insipidus (DI). More advanced testing such as
renal ultrasonography, vasopressin response test, and renal biopsy are occasionally
needed to diagnosis the underlying cause of PU.

THIRST, WATER CONSUMPTION, AND URINE PRODUCTION IN NORMAL HORSES

Healthy horses drink approximately 25 to 70 mL of water/kg BW/d, and a 500-kg,
healthy horse may drink, on average, approximately 50 L or 13 gallons of water
each day.*® This amount will vary greatly depending on environmental and physio-
logic circumstances (eg, lactation, activity, diet, time of day). Another variable
affecting amount of water consumed daily is whether the horse is pastured or stalled,
and bolus feeding can have a profound effect on increasing water consumption in
horses. An increase in water consumption following bolus feeding is presumably an
attempt to correct extracellular dehydration caused by water moving from the extra-
cellular fluid compartment into the hypertonic ingesta in the gastrointestinal tract.®
Conversely, feed deprivation and decreased amount of ingesta in the intestinal tract
reduces voluntary water consumption in horses.® Management practices should
accommodate these drinking patterns of horses by providing water ad libitum in asso-
ciation with meals.” The temperature, tonicity, and quality of water may also affect wa-
ter consumption, and horses will generally drink more water from buckets than
automatic water bowls.®

Thirst and water consumption are controlled by two predominant physiologic mech-
anisms: the need to maintain plasma volume and serum osmolality. Of the two, a minor
increase in serum osmolality is a more sensitive stimulus for thirst than is a decrease in
plasma volume or total body water. The research of Dr. Katherine Houpt, a pioneer in
the area of equine behavioral physiology, discovered that ponies had an increase in
thirst with a 3% increase in osmolality, whereas a 6% decrease in plasma volume
was needed to increase thirst in the same ponies.® Increased osmolality of blood
and decreased plasma volume also cause a rapid release of antidiuretic hormone
(ADH) into circulation, and it might be possible that sufficiently high ADH concentra-
tions could directly stimulate thirst. Increased serum levels of angiotensin Il are also
known to directly increase thirst in many species.'®'" Another poorly understood
mechanism for increasing thirst is an abnormal dryness of the mouth, pharynx, and
esophagus. Although unproven, this increase in thirst may be associated with visceral
osmoreceptors and the autonomic nervous system, which activate thirst centers in the
brain. Amazingly, in some species, this stimulus will cause the animal to quickly drink
the amount of water they need to correct osmolar or fluid deficits, and they then stop
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drinking well before the water is absorbed into plasma and increased plasma osmo-
larity and intravascular volume deficits are corrected. Similar findings have been re-
ported when horses deprived of food and water for 72 hours during periods of high
environmental temperatures were allowed to drink.'%'2

In healthy animals, approximately 99% of the water in the glomerular filtrate is
resorbed as it flows through the nephron tubular system. Water resorption in the renal
tubules occurs by the following mechanisms: passive reabsorption in segments of the
nephron that have aquaporin proteins on the tubular epithelium, cotransport following
the active ion transport in certain segments of the tubule, and in association with
neuroendocrine influences, which occur mostly in the distal tubules.’® Reabsorbed
water from renal tubules is returned to circulation by the peritubular and vasa recta
capillaries. The proximal tubules are responsible for 70% of the water resorption,
the thin descending loop of Henle 15%, and the collecting tubules approximately
15%. Other parts of the tubules are relatively impermeable to water because they
have little aquaporin expression. Both sodium and chloride are reabsorbed throughout
the ascending loop of Henle and the distal convoluted tubule with little water
resorbed.’ Finally, the resorption of water is highly variable in the distal nephron
(medullary collecting ducts) and depends on plasma volume and tonicity and the
related neurohormonal influences (eg, ADH, aldosterone, atrial natriuretic peptide).’®

POLYURIA CAUSED BY CHRONIC RENAL FAILURE

Unlike humans where hypertension and diabetes mellitus (DM) are the most common
causes of chronic renal failure (CRF) and end-stage renal disease, nephrotoxic drugs,
toxins, myopathy, and anomalies of development are the more likely causes of CRF in
horses. 16 Although CRF has many different causes, and regardless of whether the
inciting disease was primarily glomerular or tubulointerstitial in origin, the end result is
always the same: progressive loss of functional nephrons.'” In the initial stages of
CRF, when nephrons are lost, the kidneys attempt to adapt via an increase in blood
flow and glomerular filtration rate (GFR), which results in increased urine output (PU)
by the remaining, functional nephrons.’® This increase in GFR and blood flow is
thought to be made possible by hypertrophy of the remaining nephrons, decreased
vascular resistance, and decreased tubular reabsorption.'® Eventually, however,
these adaptations damage the kidneys further; increased pressure and stretch on
the glomeruli lead to injury and sclerosis of small vessels and subsequent destruction
of the glomerular architecture.’® In response, the kidney undergoes further adaptive
changes, and the process repeats itself until end-stage renal disease occurs.™

Although PU and loss of the ability to concentrate urine are relatively common signs
of CRF, these sometimes go unnoticed by owners because the PU associated with
CRF is moderate in volume when compared with the PU of DI or psychogenic PD.
This is especially true if an animal is housed with other horses or is on pasture, making
it hard to know how much urine an individual horse is producing.'®'” Additional clinical
signs are somewhat dependent on the stage of CRF, but often include weight loss,
ventral edema, rough or dull hair coat, decreased appetite, dental tartar and oral ul-
cers, melena, and poor performance.’®

Diagnosis of CRF can be simple in advanced stages but may require more
advanced testing in early stages. To begin, the practitioner should collect urine and
blood for hemogram, chemistry profile, and urinalysis. Abnormalities on blood work
will vary to some degree, and it is worth noting that at least 65% of nephrons must
become nonfunctional before elevations in these routinely used kidney function bio-
markers will be detected.’® In some cases, nephron loss approaches 75% or more
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before changes in serum creatinine and blood urea nitrogen (BUN) are detectable.'®
Electrolyte abnormalities can include hyperkalemia, hyponatremia, hypochloremia,
hypercalcemia, hypomagnesemia, and normal to decreased phosphorous. Metabolic
acidosis will occur in end-stage CRF. Anemia secondary to decreased production of
erythropoietin by the kidneys will often be detected on hemogram.

In cases of early CRF, when there are only mild changes in GFR, azotemia and iso-
sthenuria are not consistently present, so additional, more sensitive diagnostics are
necessary. Fractional excretion of electrolytes, namely sodium, can provide useful in-
formation about tubule function in patients suspected to have early or mild CRF who
may have normal creatinine and BUN concentrations and are still able to concentrate
urine.?'° To perform this test, salt and fluid intake must be normal and the patient must
not have received diuretics or intravenous (IV) or oral fluids. Urine and blood are
collected simultaneously, and creatinine and sodium levels are measured in each
sample. The fractional clearance (Fc %) is then determined by use of a formula,
such as shown below for sodium

Na,] _ [Cr,]

Fona(%) = [Na,] * Cr.)

x 100

where Na,, is the urine sodium concentration, Na,, is the plasma sodium concentration,
Cr, is the urine creatinine concentration, and Crp is the plasma creatinine concentra-
tion. Normal values for fractional excretion of sodium in horses are 1% or less; values
greater than this are supportive of primary renal tubular disease.'®

In addition to fractional excretion, the urine protein to urine creatinine ratio (UP:UC)
can be useful in detecting changes in GFR and damage. Normal horses will have ratios
< 0.5, whereas large amounts of protein in the urine, and subsequent UP:UC ratios of >
0.5, are generally due to glomerular, rather than tubular, disease.

Measurement of SDMA is routinely used in human and small animal medicine as a
more sensitive diagnostic for detecting kidney damage, and a validated test now ex-
ists for horses. This endogenous form of arginine is released into circulation during
normal protein catabolism, and 90% of SDMA is excreted by the kidneys into urine
in an unchanged form.2° As such, this metabolite accumulates with prerenal or renal
dysfunction and few nonrenal factors affect SDMA concentrations, making this a rela-
tively specific assessment. Normal values have been established for both healthy
adults and foals, and comparison of SDMA values between healthy animals and those
with elevated creatinine and/or acute kidney injury have been performed.?°2% An
increased SDMA concentration was shown to correspond with disease severity,
and SDMA was able to correctly distinguish between healthy and ill horses.2°

Additional diagnostics, such as transabdominal or rectal renal ultrasonography or, in
rare cases, renal biopsy, may be necessary to arrive at a final diagnosis of CRF.

POSTOBSTRUCTIVE DISEASE

Complete urinary obstruction is uncommon in horses, but the postobstructive PU that
occurs after resolution of an obstruction can be marked.'” Possible causes for
increased volume of urine following relief of an obstruction include the elimination of
retained solutes, such as urea, with secondary water diuresis, a blunted response
to ADH, and/or defective sodium reabsorption. Decreased expression of aquaporins
in the distal tubules and collecting ducts can last for up to 2 weeks.!” Increased
expression and activation of prostaglandin and nitric oxide receptors such as P2Y,
EP1, and EP3 and subsequent release of inflammatory mediators may also contribute
to postobstructive PU."” In addition to transient PU following relief of complete



Polyuria and Polydipsia in Horses

obstruction, long-term impairment of the ability to concentrate urine can also occur.
Mechanisms of this dysfunction include reduced aquaporin expression and marked
downregulation of sodium and urea transporters.’’

DIABETES INSIPIDUS

Dl is arare cause of PU in horses and occurs due to either a deficiency of vasopressin,
termed central or neurogenic diabetes insipidus (CDI), or an insensitivity of the renal
tubules to vasopressin, known as nephrogenic diabetes insipidus (NDI). In contrast
to DM, which is characterized by insulin deficiency (type 1 DM) or insulin resistance
(type 2 DM), horses with DI will have normal blood glucose levels and no glucosuria.
Clinical signs will include enormous volumes of dilute urine due to decreased water
absorption by the renal tubules, and DI must often be distinguished from psychogenic
PD/PU because the two diseases manifest in similar ways.

To diagnose DI, psychogenic PU/PD must first be ruled out by means of a WDT; an
additional step of MWDT may also be necessary. The WDT is only indicated in horses
with hyposthenuric urine (<1.008). WDT should not be performed in horses that are
dehydrated or azotemic because withholding of water will only exacerbate these con-
ditions. It is worth noting that horses with loss of 65% or less renal function may not be
azotemic and may still be able to concentrate urine, but WDT would be detrimental to
these patients. These horses would have some increase in serum creatinine and urea
nitrogen levels, but values might still be in the normal reference range. In these cases,
fractional excretion and/or urine protein to urine creatinine ratio would be useful in
evaluating renal tubule function and glomerular function, respectively. Owing to these
risks, all other causes of PU should be ruled out before considering this test. In healthy
animals, a normal response to water withdrawal is a rapid increase in plasma osmo-
lality leading to vasopressin release and subsequent urine concentration; normal hors-
es will have a USG of 1.040-1.054 after 48 hours of deprivation.?*

The WDT begins by collecting baseline blood and urine samples. Next, the bladder
is emptied manually via catheterization, the horse is weighed, and water is removed.
BW and USG are measured at least every 6 to 12 hours, and other indicators of hydra-
tion, such as packed cell volume (PCV), total solids, mucous membrane examination,
heart rate, skin tent, and others, are monitored more frequently. The test is stopped
when (1) the target USG is reached within 24 hours, (2) the horse loses 5% or more
of its initial BW, or (3) evidence of dehydration or azotemia is identified.?* In a horse
with uncomplicated psychogenic PD, the USG will be 1.025 or higher at the conclusion
of the test. A persistently dilute urine of USG 1.008 or less indicates either CDI or NDI.
A USG of greater than 1.008 but less than 1.020 can occur with partial CDI, or with
long-standing psychogenic PD that has resulted in medullary washout. In these cases,
a MWODT is required. Once the horse has recovered from the initial WDT and is fully
rehydrated, water is restricted to 40 mlL/kg/d for 3 to 4 days.?* Hydration status and
USG are closely monitored, and a horse with medullary washout and psychogenic
PD should be able to form concentrated urine within 72 to 96 hours of initiation of
the test. Horses that have a persistently isosthenuric USG following a modified WDT
are suspected to have CDI.

Testing to distinguish CDI and NDI requires measurement of endogenous or admin-
istration of exogenous vasopressin. Measuring endogenous vasopressin during a
WDT can help to distinguish the two diseases. Elevated vasopressin with dilute urine
indicates an inability of the kidneys to appropriately respond to vasopressin and would
indicate NDI. A low or relatively low plasma vasopressin concentration given the
plasma osmolality, along with dilute urine, during a WDT would support a diagnosis
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of CDI. However, because of the inherent instability of this hormone and because it
can be challenging to find a laboratory capable of measuring plasma vasopressin,
an alternative method of distinguishing CDI from NDI is often necessary.

The exogenous vasopressin test is used to assess the renal tubules’ ability to appro-
priately respond to a synthetic vasopressin. One option for performing this test is
aqueous synthetic vasopressin. This solution can be given at a dose of 0.25 to 0.5
U/kg intramuscularly or as an infusion (5 U diluted in 1 L 5% dextrose [2.5 mU/kg]
administered over 60 minutes).?* With CDI, USG should increase to 1.020 or more
within 90 minutes; lack of urine concentration over the same period would indicate
NDI.2* Desmopressin acetate (DDAVP) solution is an alternative to aqueous synthetic
vasopressin. DDAVP given at a dose of 0.05 pg/kg IV should result in a USG increase
to 1.025 or higher within 2 hours for CDI, whereas no response would support NDI if
psychogenic PD with medullary washout has been ruled out.

Potential treatment of Dl is limited to CDI; case reports of NDI describe only dietary
management and salt and water limitation as means of managing horses with NDI.2527
Although several different pharmaceuticals have been proposed for the treatment of
CDI in horses, only use of vasopressin in the form of desmopressin has been docu-
mented.?®30 A 2010 report by Kranenburg and colleagues®® described the successful
use of desmopressin acetate hydrate eye drops in a 10-day-old Friesian colt with congen-
ital CDI. While in hospital, use of a human formulation of nasal drops resulted in urine con-
centration within 4 hours of initial administration. In a more recent case report by Durie
and van Galen,*° a 4-year-old, Warmblood, gelding with excessive water consumption
of 5x to 6.5x maintenance requirements and hyposthenuric urine was diagnosed with
CDI following WDT and MWDT. Treatment included administration of desmopressin in
the form of a human nasal spray, administered first via intraocular route and then as a sub-
cutaneous injection. Five years of follow-up revealed that the horse was doing well and
required only minor dosage adjustments as he aged and gained weight.>°

Because of the potential hereditary component to DI, as evidenced by the case
report by Schott and colleagues?® of 2 full sibling Thoroughbred colts with NDI, recom-
mending against breeding may be advisable.

DIABETES MELLITUS

In contrast to the ADH abnormalities associated with DI, DM is characterized by insulin
deficiency (type 1 DM) due to destruction of B pancreatic cells, or insulin resistance
(type 2 DM). Both classic type 1 and type 2 DM are infrequently reported in the equine
literature. PU, PD, and weight loss are common presenting complaints for horses with
type 2 DM, and most case reports document horses of advanced age.®' Affected
horses will have elevated blood glucose and many will have glucosuria, of which the
latter results in an osmotic diuresis and subsequent PU.%? Hypertriglyceridemia,
sometimes with the presence of gross lipemia, may also be present.®? Insulin levels
can be low, normal, or elevated.

Many, but not all, horses with type 2 DM will be concurrently diagnosed with pitui-
tary pars intermedia dysfunction (PPID), with the insulin resistance of the PPID sug-
gested as the mechanism for hyperglycemia and osmotic diuresis seen in horses
with type 2 DM.

Although resting insulin concentration, oral and IV glucose tolerance tests, IV insulin
tolerance test, and response to treatment are relatively easy to perform, specific (but
arguably more technically challenging) tests for insulin sensitivity and 8 pancreatic cell
function may be more appropriate. More specific tests of B cell function and insulin
sensitivity include the hyperinsulinemic-euglycemic clamp and hyperglycemic clamp
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techniques, as well as the insulin-modified frequently sampled IV glucose tolerance
test (l-FS'G-r'\/”\A).31

Treatment of DM has been attempted and described in the literature, although with
limited success due to the cost, adverse effects, and/or questionable efficacy of med-
ications such as insulin, metformin, and so forth. Treatment of type 1 DM in a pony with
protamine zinc insulin was reportedly successful, but even high doses of insulin in
some cases of type 2 DM have been unsuccessful.®? Because of the frequent link be-
tween DM and PPID, pergolide is a reasonable treatment choice, especially in horses
with clinical signs or blood work (baseline ACTH, TRH stimulation test) that support
underlying PPID as a cause for DM. Durham and colleagues®' described 3 cases of
DM in aged Warmbloods; diagnosis was made by I-FSIGT testing. Treatments
included metformin, oral glibenclamide, dietary modification, and/or pergolide, and re-
sponses were fair to moderate, depending on the case.®' Baseline ACTH concentra-
tion was elevated in one of the 3 horses, supportive of PPID as a cause for the insulin
resistance. However, this was not the case for the other 2 horses.

CUSHING DISEASE

The incidence of PU in horses with PPID is estimated to be around 33%, although
values are highly variable with some studies reporting 0% incidence of PU as a re-
ported clinical sign of PPID and others reporting 76% incidence of PU.%*-3° The mech-
anism by which PPID induces PU has not been thoroughly researched, but several
proposed theories exist in both small animal and equine medicine. First, it is postu-
lated that the excessive ACTH action on the adrenal cortex with subsequent hypercor-
tisolemia is a driving factor for the PU of PPID.? Elevated cortisol in the blood directly
increases glucose formation and promotes insulin resistance, resulting in hyperglyce-
mia, glucosuria, and osmotic diuresis. Although this is frequently the mechanism cited
in small animal medicine to explain the partial DM that occurs with hyperadrenocorti-
cism, little evidence exists to support this in either canine or equine medicine.>¢ In a
case report of horses with PPID, only 1 of 5 had glucosuria.®®

Another possible explanation for PU that occurs with PPID is that growth of the pars
intermedia directly compresses the posterior pituitary and hypothalamic nuclei, which
are the sites of vasopressin storage and release. Physical impingement negatively
affecting vasopressin secretion would result in partial CDI and, without vasopressin
to act on the renal tubule cells and collecting ducts, concentration of urine would
not be possible.? However, some horses with PPID are able to concentrate their urine
in the face of a WDT.

It is also possible that the excess cortisol produced in cases of PPID antagonizes
the action of vasopressin in the renal collect ducts.? Without vasopressin, the aqua-
porin channels along the apical membrane of the principal cells would be decreased
in number or absent, resulting in an inability to move water from the tubular fluid back
into circulation and, ultimately, an inability to concentrate urine. Unfortunately, exper-
imental evidence for this proposed mechanism is lacking.

Last, the hirsutism that occurs with PPID may lead to increased sweating and fluid
loss, prompting increased thirst.>®

Ultimately, it is likely that some combination of these mechanisms and, potentially,
others are responsible for the PU observed in some cases of PPID.

FLUID THERAPY AS A CAUSE OF POLYURIA

One of the most common iatrogenic causes of PU in equine patients is overhydration
via IV fluid therapy, and both water and solute diuresis can be underlying mechanisms
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for the increased volume of urine produced. Commercial solutions used for fluid ther-
apy are often too rich in sodium. Horses on maintenance IV fluids can receive 10x their
normal daily intake of sodium, which induces diuresis and electrolyte movement.® This
increase in plasma sodium can also result in sodium secretion into the Gl tract,
quadrupling sodium output in feces and decreasing plasma sodium concentration in
water-deprived horses, such as those off feed for colic or other reasons, worsening
dehydration that already exists.® Sodium is lost in the urine when using commercial
solutions, and there are also clinically significant loses of potassium, calcium, and
magnesium.®” Additional adverse effects of overhydration with IV fluid therapy include
rebound dehydration, edema, impaired lymphatic drainage, poorer anesthetic recov-
ery, and increased cost to the client.538

Because maintenance fluid requirements were derived from fed horses and horses
naturally drink less water when they are not eating, it has been proposed that horses
off feed should have lower requirements.® Furthermore, 30% to 55% of daily water
loss is via the feces, and horses that defecate less due to fasting, ileus, obstruction,
or decreased feed intake lose less water.® Based on studies reporting feed deprivation
reducing water consumption to ~16% of fed values, it has been recommended that
horses off feed may need only ~10 mL/kg/d, as opposed to more standard sugges-
tions of 50 to 60 mL/kg/d as a maintenance requirement.® Advantages of reducing the
daily amount of fluids for a horse off feed include reduced volumes and lower cost, as
well as avoidance of overhydration and electrolyte derangements.®

Rather than using a standard maintenance rate, evaluation of the effectiveness of
fluid therapy should be performed regularly to titrate treatment doses to the individ-
ual patient. In general, when monitoring for changes in hydration status, trends are
more useful than single or infrequent values or observations. Careful physical ex-
amination and monitoring that includes evaluation of mucous membrane color,
capillary refill time, eye position, skin-tent duration, pulse character, extremity tem-
perature, speed of jugular distention when the vein is manually occluded, and heart
rate all give valuable information to the practitioner when making decisions about
fluid requirements and rates. Serial measurements of BW, packed cell volume,
and total solids can be useful to track improvements over time. Blood lactate
can provide additional information about tissue perfusion, but care should be taken
when interpreting because values can be normal despite significant perfusion def-
icits to individual tissues; again, trends over time can improve the value of this
test.®®

Monitoring of urine production and USG can and should be used to guide treatment
decisions concerning fluid therapy. Hypovolemia and dehydration should result in
concentrated urine (USG > 1.035), whereas isosthenuria would be expected with
adequate resuscitation.®® Hyposthenuria should not be the goal of fluid therapy. It is
worth noting that some diseases, such as DI, may result in dilute urine (<1.008) in
the face of hypovolemia, and care must be taken to prevent incorrect classification
of these animals as adequately hydrated or overhydrated. Other hemodynamic pa-
rameters, such as central venous pressure, blood pressure, colloid oncotic pressure,
and gastric tonometry, have all been used to evaluate the effectiveness of fluid ther-
apy, although equipment and skill requirements result in infrequent usage outside of
academic or research settings.>°

OTHER CAUSES OF POLYURIA

In addition to IV fluids, drugs such as diuretics, sedatives, and corticosteroids can all
be iatrogenic causes of PU in horses. Although various classes of diuretics have



Polyuria and Polydipsia in Horses

different mechanisms of action, all ultimately increase the rate and volume of urine
output. Equine practitioners use alpha-2 adrenergic receptor agonists, such as xyla-
zine and detomidine, daily, and PU is a known side effect following administration
of these sedatives. Glucocorticoids such as prednisolone, dexamethasone, methyl-
prednisolone, triamcinolone, naquasone, and others are known to cause PU in horses,
although the exact mechanism by which this occurs is not known. Other drugs cause
PU not by direct effects but by inciting acute or chronic injury to the kidneys. Amino-
glycosides, oxytetracycline, nonsteroidal anti-inflammatories, polymyxin B, ampho-
tericin B, imidocarb dipropionate, and bisphosphonates are all potentially
nephrotoxic and have documented and/or anecdotal reports of renal disease
following their use.*°

Additional diseases associated with PU, either primarily via water or solute diuresis
or secondarily via kidney injury, include but are not limited to liver failure, neoplasia,
toxicities, inflammatory conditions, and parasitism (see Box 1).

PSYCHOGENIC POLYDIPSIA

The condition of primary or psychogenic PD is one of the most common causes of PD
and subsequent PU in the horse."*® Diet, management, and housing have all been
implicated as factors contributing to the development of psychogenic PD. Sometimes
considered a vice, psychogenic PD can be seen in horses housed in stalls; other
behavioral abnormalities such as chewing on doors or eating bedding may also be
observed." Stressors such as changes in housing, management, and environment
have also been reported to incite psychogenic PD." Dietary factors such as high dry
matter intake or compulsive salt consumption may lead to excessive water consump-
tion. In one case report, a yearling Paint filly was presented for PU, a stiff gait, and
muscle fasciculations; USG was 1.006 on presentation.*’ A 20-h WDT resulted in
adequate concentration, ruling out CDI and NDI. Closer observation revealed that
the filly consumed more salt than the other horses on the property, and water limitation
and salt deprivation resolved all clinical signs.*'

Horses with psychogenic PD will produce copious volumes of urine, much more so
than those with PPID or CRF." Owners often report that stalls or paddocks are soak-
ing wet, and the horse drinks much more than others on the same property. Urine will
be dilute at USG 1.005 or less, but these animals are not azotemic and usually are in
good body condition. Results of a WDT will depend on the duration of the PD. Horses
with uncomplicated, short-term PD will respond favorably to WDT and will be able to
concentrate their urine. Those with long-standing PD are likely to have “medullary
washout” and will require a MWDT to concentrate urine. Medullary washout
following prolonged PU/PD occurs when the normal osmotic gradient that exists be-
tween the renal tubule lumen and the renal interstitium is lost, resulting in dilute
urine.*?

Managing psychogenic PD requires knowledge of the underlying cause. Manage-
ment changes to reduce boredom can include increasing exercise and/or turnout.
Reducing stressors in the environment may require housing the horse with an
amenable companion, transitioning from stall housing to pasture housing, or moving
the horse to a quieter portion of the property. Dietary considerations such as
increasing the time a horse spends eating, either by using a slow-feed net or imple-
menting small, frequent meals; supplementing electrolytes; or limiting water intake
may all be beneficial on a case-by-case basis. In the rare cases of pathologic salt con-
sumption, reducing or eliminating access to salt may be necessary, although the
owner must be mindful of sweating due to exercise and the risk of salt loss.
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