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KEY POINTS

e Discolored urine is a common clinical complaint in equine practice.

e It can be difficult to distinguish between hemoglobinuria, myoglobinuria, and sometimes
hematuria based on the color of the voided urine alone. Urinary dipsticks also do not
distinguish between them.

e Clinical history and examination in addition to a complete urinalysis, hematology, and
serum biochemistry will almost always allow determination of pigment causing urine
discoloration.

e Bilirubin, methemoglobin, and drug pigments in the urine are less common causes of dis-
colored urine.

o |f hematuria is the cause of the discolored urine, ancillary procedures are often required to
determine the origin of the hemorrhage.

INTRODUCTION

Normal equine urine can range from a pale-yellow color to a tan color depending on
individual variation and concentration. The color is primarily associated with renal
excretion of urochrome, a product of the degradation of hemoglobin. Because of
the high amount of mucous and calcium carbonate crystals that equine urine physio-
logically contains, normal appearance can also vary in terms of turbidity, going from
transparent to turbid. Equine urine can sometimes stain a brown-red color on bedding
or snow. This phenomenon is due to prolonged storage or air exposure and oxidation
of plant metabolites (pyrocatechines) and happens right after urine voiding. Abnormal
urine color can instead occur because of the presence of blood, pigments, or contam-
inants. Urinalysis and cytology are important tests aiding in the diagnosis of the discol-
ored urine.

In cases of red discoloration, the reagent strips used for urinalysis indicate a positive
result for “blood” when the heme group (porphyrin ring and iron) reacts with peroxi-
dase substrate in the pad. They can reveal heme within the erythrocytes (hematuria),
from free hemoglobin (hemoglobinuria) or myoglobin in the urine without being able to

Large Animal Medicine, Cornell University, 930 Campus Road, Ithaca, NY 14850, USA
E-mail address: bd382@cornell.edu

Vet Clin Equine 38 (2022) 57-71
https://doi.org/10.1016/j.cveq.2021.11.005 vetequine.theclinics.com
0749-0739/22/© 2021 Elsevier Inc. All rights reserved.


mailto:bd382@cornell.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cveq.2021.11.005&domain=pdf
https://doi.org/10.1016/j.cveq.2021.11.005
http://vetequine.theclinics.com

58

Delvescovo

discriminate among the 3 different sources of discoloration. Differentiation can be
achieved with centrifugation and sediment examination. In cases of hematuria, after
centrifugation, the red blood cells (RBCs) will deposit and be recognizable upon
microscopic evaluation. However, in cases of very diluted urine (specific gravity
<1.006), alkaline pH (pH > 8), or delayed analysis, RBCs may not be visible because
of possible lysis. In these cases, ghost cells (lysed RBCs that have lost their hemoglo-
bin) may instead be detected. When hemoglobinuria or myoglobinuria is present, the
urine does not clear with centrifugation. Myoglobin can be differentiated from hemo-
globin through ammonium sulfate precipitation, electrophoresis, or spectroscopy.
However, there is usually no need for these additional diagnostics, as clinical findings
and biochemical results will help differentiate myoglobinuria from hemoglobinuria. In
cases of hemoglobinuria, the serum of the animal will be pink discolored, owing to
intravascular hemolysis; patients with myoglobinuria will instead present with clinical
signs of myopathy together with severely increased muscle enzymes. False positive
heme results on the strips are reported and are usually due to microbial peroxidase
activity from bacteria (in cases of urinary tract infections [UTIs]) or strong oxidizing
agents, such as hypochlorite (bleach) or povidone-iodine, if the specimen is
contaminated.

Urine discoloration with a negative strip result could suggest plant-derived pig-
ments or drug-related discoloration. False negative results are rare. Vitamin C admin-
istration has been reported to give false negatives on a blood strip." The collection
method of urine should be considered when analyzing samples, as it might influence
the interpretation of the results. For example, trauma secondary to catheterization can
cause RBCs in the sample, which when present in high numbers, might even cause
discoloration. When urine is obtained free catch, the presence of pigment should
not be altered; however, several white cells or bacteria might be present because of
urine contamination from the genital flora.

Bilirubin positivity on reagent strips can be diagnostic for cholestasis in horses
because elevations in conjugated bilirubin will cause bilirubinuria. Only conjugated bili-
rubin passes freely into urine, because of its water solubility. This might spill into urine
before it is even increased in blood. Unconjugated bilirubin is bound to albumin and
other carrier proteins and may appear in the urine if proteinuria is present. False pos-
itive bilirubin reactions can commonly occur.

DISCUSSION
Hematuria

Normal urine can contain less than 5 RBCs per high-powered field. An increase above
this threshold indicates hematuria.” Hematuria can be macroscopic, if detectable
grossly, or microscopic if not.

As previously mentioned, the presence of red discolored urine (Fig. 1) suggests 3
possible pathologic processes: presence of RBCs (hematuria), hemoglobin (hemoglo-
binuria), or myoglobin (myoglobinuria). Drug metabolites could also give orange-red
discoloration. The most commonly reported drug color reactions are due to rifampicin
and phenazopyridine’'s metabolites.

During the diagnostic process, myoglobinuria and hemoglobinuria can be ruled out
based on clinical findings and serum biochemistry. In the most severe cases, hematuria
is obvious due to voiding of blood clots. Contamination of urine with blood can occur at
the level of the kidneys, ureters, bladder, urethra, or reproductive tract. In the initial eval-
uation of a horse with hematuria, signalment and clinical signs can significantly aid in the
diagnosis. The diagnostic process should involve serum biochemical analysis, rectal
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Fig. 1. Urine collected after exercise in a stakes-winning thoroughbred racehorse presented
with recurrent hematuria after racing or breezing. The horse did not have hematuria at any
other time, and his renal values, muscle enzymes (preexercise and postexercise), complete
blood count, and imaging of the urinary tract were all within normal limits. The horse
was healthy otherwise but continued to have intermittent hematuria after strenuous
exercise.

palpation of the urinary and reproductive tract, imaging of the urinary structures (ultra-
sonography and endoscopy), urinalysis, and sometimes bacterial culture.

Timing of the discoloration during micturition may be suggestive of the location of
the lesion. Persistently discolored streams, from beginning to end of urination, are
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usually associated with hematuria owing to renal, ureteral, or bladder lesions. Discol-
ored streams at the beginning of micturition are often associated with lesions in the
distal urethra. Instead, hematuria at the end of urination is usually associated with le-
sions in the proximal urethra or bladder neck.

Causes of Hematuria

Exercise-induced hematuria. Hematuria, as well as pigmenturia (hemoglobinuria or
myoglobinuria) and proteinuria, can be observed in horses after strenuous exercise.®
The most common to rule out in cases of hematuria during or after exercise are cys-
toliths, which can be easily diagnosed by rectal palpation, ultrasonography, or
cystoscopy.

Exercise-associated hematuria, unrelated to bladder calculi, is a well-described
finding in human athletes. The prevalence seems to depend on the type of exercise.*
Affected people are usually asymptomatic and otherwise healthy; the hematuria is
generally microscopic and pronounced in the first urine voiding after exercise. It nor-
malizes within 72 hours in most cases. The degree of hematuria seems to be related to
the intensity of the exercise. Several pathophysiologic mechanisms have been hy-
pothesized, among them direct urinary tract trauma (of the bladder against the pelvic
brim, or in in-contact sports), and increased glomerular permeability occurring during
exercise. The latter might have been the origin of microscopic hematuria in a large
number of cases.® Little is known about treatment or prevention, but in human athletes
exercising without a completely voided bladder and preventing dehydration by high
fluid intake, even in the form of beer, may aid in prevention.®’

Similarly, in horses, exercise-induced hematuria has been reported by Schott and
colleagues.® In the study, the source of the hematuria seemed to be related to the up-
per urinary tract as the investigators sampled the urine bypassing the bladder by
directly catheterizing the ureters. This seems to be in line with the human medicine
findings, where the potential mechanism for the hematuria appears to be an alteration
in one or more of the factors affecting filtration across the glomerular barrier.

Bladder trauma should also be considered as an inciting cause: Schott® reported a
mare with macroscopic hematuria after exercise owing to bladder mucosa erosions
secondary to direct trauma of the bladder against the pelvic rim during exercise.
This cause has been reported in people and should be suspected especially when
the bladder is voided right before exercise. A recent case report described a case
of hemorrhagic cystitis in a horse where exercise intensity might have been the etio-
logic factor for the development of bladder-wall hyperplasia and hematuria.®

Another potential cause of bladder trauma to consider is protruding osteochon-
droma of the os pubis as recently reported in 2 geldings with exercise-induced hema-
turia.’® Regardless, exercise-induced, grossly evident, hematuria not caused by a
cystolith can be considered an uncommon cause of red discolored urine (see
Fig. 1). Of note, because in most of the self-limiting equine and human cases reported,
the hematuria is microscopic, macroscopic hematuria might indicate urinary dysfunc-
tion or trauma. Therefore, diagnostic investigation to rule out urinary or extraurinary
disease is recommended. Hemoglobinuria or myoglobinuria might also occur
following exercise and would need to be differentiated from hematuria.®

Urolithiasis

Postexercise hematuria is the most common clinical sign observed in horses with
cystic calculi. Typically, the hematuria is evident near the end of urination. Male horses
are more predisposed than female horses to cystic calculi. Pollakiuria, stranguria, in-
continence, and urine dribbling might be observed for calculi present in the bladder or
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the urethra. Prolonged periods of penile protrusion and urine or blood staining on the
hind limbs can also be present.

Cystic calculi can be confirmed by rectal palpation (likely to be detected with only
the hand and wrist in the rectal cavity) and ultrasonography. In any case of uroliths,
detailed imaging of the different urinary tract structures is recommended because
of the frequent presence of calculi in multiple locations (almost 10% of horses with
urolithiasis have multiple calculi in various locations of the urinary tract).’” This sug-
gests that nephroliths may play a leading role in the pathogenesis of urolithiasis. It
is known that most ureteroliths are likely to start in the renal pelvis, and occasionally
small uroliths can even reach the bladder. Nephroliths (Fig. 2) and ureteroliths are
detected less commonly than cystic and urethral calculi. When present, they can pro-
duce a partial or complete obstruction. When found bilaterally and causing obstruc-
tion, signs of chronic renal failure might be present (azotemia, weight loss,
isosthenuria). Mild recurrent colic might be the only clinical sign for unilateral nephro-
liths or ureteroliths. Evidence of microscopic hematuria on dipstick is commonly
detected in these cases, and intermittent or persistent gross hematuria might also
be seen.

Therapeutic procedures are based on the location and the size of the calculi.
Because alkalotic pH is among the factors favoring the growth of the uroliths, the
use of urine acidifiers (ammonium chloride, ammonium sulfate, ascorbic acid) is often
recommended as further prevention. However, there are no studies comparing the
likelihood of recurrence of calculi between horses that have or have not received uri-
nary acidifiers, and it is not easy to acidify the urine of horses. In a recent study, ammo-
nium sulfate at 175 mg/kg produced a urine pH 5.0 (below pH 6.5 calcium carbonate
uroliths do not form) and together with a low calcium diet was reported to be effective
in preventing new calculi formation in a single case of a horse with recurrent cystic
calculi.’ Extrapolating from other species, diets rich in omega-3 fatty acids might
have a beneficial effect on preventing calcium-based calculi formation.'®

Fig. 2. A left nephrolith in the renal pelvis of a 15-year-old gelding presented for straining
and discomfort owing to an obstructive urethral calculus that was removed surgically. Imag-
ing of the left kidney revealed the presence of the nephrolith but no other abnormalities.
The horse recovered well from surgery; no action was undertaken for the nephrolith, and
the horse was reported to be well 2 years after presentation.
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Urinary tract infection and pyelonephritis

Hematuria is a common clinical sign of UTI and is usually accompanied by dysuria,
stranguria, pollakiuria, incontinence, urine scolding, and possibly also systemic signs
of fevers and weight loss. When UTl is suspected, urinalysis and culture should be per-
formed. The urine should be obtained by catheterization or midstream capture to avoid
sampling of contaminants from the reproductive tract. Growth of more than 10,000
colony-forming units per milliliter of urine is often diagnostic of UTI. Proteus mirabilis,
Escherichia coli, Klebsiella spp, and Enterobacter spp are among the most isolated
pathogens in UTl cases. Gram-positive organisms are less frequently isolated. UTI
can affect the lower urinary tract (bladder, urethra) or the upper urinary tract (kidneys,
ureters). Multiparous mares are at a greater risk for lower UTI because of ascending in-
fections secondary to injury at foaling. Horses with chronic atonic bladders are also pre-
disposed. Pyelonephritis, infection involving renal pelvis and parenchyma, is a rare
occurrence in horses and is often associated with the presence of nephroliths or ureter-
oliths. Fever, azotemia, polydipsia, polyuria, and abnormal leucogram findings are com-
mon clinical signs. Hematuria, macroscopic or microscopic, has been reported in cases
of pyelonephritis. A case series of 7 horses with suspected pyelonephritis described the
presence of unilateral or bilateral renal hemorrhage.'* Overall, hematuria seems to be a
common but not a consistent finding, and some pyelonephritis cases might have a
recurrence of hematuria with time.'® Treatment involves antibiotics based on urine cul-
ture and sensitivity, removal of predisposing factors (eg, calculi), and supportive care.

Idiopathic renal hematuria
Idiopathic renal hematuria (IRH) is characterized by acute onset of hemorrhage more
commonly from 1 kidney but possibly from both. The hemorrhage can be life-
threatening and, when profuse, blood clots might be passed. The pathophysiology re-
mains unknown, hence the name idiopathic. Arabians seem to be predisposed, as
more than 50% of the cases reported are Arabians or Arabian crosses. However,
several other breeds have been affected, donkeys and mules included. No age or
sex predisposition has been recognized.'®

The diagnosis is reached excluding other causes of renal hemorrhage and hematu-
ria. Upon cystoscopy, hemorrhage from one or both ureters is usually obvious. There
is generally no evidence of UTI. The syndrome can present with initial mild episodes
that might self-resolve but can reoccur with a hemorrhagic crisis. Because of similar
features that this syndrome shares with pyelonephritis (abnormal ultrasound images,
clinical signs), it has been hypothesized that they may represent the same pathologic
condition.’” In IRH cases as well as in some pyelonephritis cases, pyuria is absent,
and cultures are negative. Treatment is largely supportive, involving blood transfusion
when needed. Aminocaproic acid administration could also be beneficial in stopping
the hemorrhage, reducing the fibrinolytic activity.

If the condition is unilateral, a nephrectomy might be resolutive; however, onset of
bleeding from the contralateral kidney after nephrectomy has been reported.™®

Neoplasia

Urinary neoplasia is a rare cause of hematuria. Nephroblastomas and adenocarci-
nomas are the most reported renal neoplasia, with the former being more common
in younger animals and the latter being more common in older ones. Squamous cell
carcinoma is the most common bladder tumor, followed by transitional cell carcinoma.
Bladder neoplasias are more common in the older population. Lymphosarcoma,
hemangiosarcoma, and melanoma rarely metastasize to the bladder, but may involve
the renal tissue.
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Clinical signs include hematuria, weight loss, discomfort, and occasionally pollakiu-
ria and stranguria. This clinical presentation may closely resemble the one of cystic
calculi with hematuria, stranguria, and a palpable mass on rectal examination. Ultra-
sonography and cystoscopy can be used to distinguish between the 2 conditions.

In cases of renal tumors, rectal palpation can reveal an enlarged kidney, especially if
the left kidney is affected. Rectal and transabdominal ultrasound can reveal abnormal
tissue or masses related to the kidneys. Urinalysis often shows hematuria. Urine
cytology rarely reveals exfoliated neoplastic cells.

Treatment for a unilateral renal neoplasia is nephrectomy; unfortunately, often the
tumor has already metastasized by the time the diagnosis is reached. A metastasis
search should be carried out before surgical excision, as this would impact prognosis.
For bladder neoplasms, surgical removal and topical chemotherapy might be
attempted.’®

Verminous nephritis

Halicephalobus gingivalis can be a rare cause of hematuria in horses owing to the for-
mation of renal granulomas. The nematode can enter via mucous membranes, invade,
and proliferate in several tissues, among which are the kidneys, central nervous sys-
tem, long bones, and eyes. Affected horses can present with encephalitis, renal
dysfunction, weight loss, hematuria, and/or polyuria. Classic lesions on the kidneys
appear as multifocal large nodules. The granulomas might be visible on ultrasound,
although the echogenicity might be similar to the cortical echogenicity and therefore
difficult to localize. The nematode can occasionally be seen on urine sediment evalu-
ation.’® Treatment with a larvicidal anthelmintic can be attempted. Immediately after
the treatment, signs of renal failure could occur because of inflammation caused by
the death of the parasite; hence, simultaneous treatment with an anti-inflammatory
is recommended.'® Successful medical treatment has not been reported. If the lesion
is only found in 1 kidney, a unilateral nephrectomy could be considered. Renal infec-
tion from Strongylus vulgaris has been reported in a foal,?° as larval migration can
involve the renal artery aberrantly.?! Dioctophyma renale is a large nematode that
could affect horses, although the typical hosts are carnivorous species, and cases
in horses have not been reported. Adults can migrate and reach the kidneys and lay
eggs that can be shed in the urine. Hydronephrosis and hematuria are occasional
but serious complications of this infection.??

Idiopathic hemorrhagic cystitis

Primary hemorrhagic cystitis is a recently described cause of hematuria and stranguria
in horses.?® This syndrome is characterized by the presence of proliferative and hem-
orrhagic bladder mucosa detectable on cystoscopy. Hemorrhagic and thickened
bladder mucosa affects more severely the apex of the bladder but can involve the
entire bladder. The lesions might even resemble a proliferative mass depending on
the individual case. Histopathology usually yields neutrophilic and hemorrhagic
cystitis, but in some cases, could also reveal dysplasia or hyperplasia. These horses
are generally otherwise healthy without specific hematological or biochemical findings
apart from a possible mild anemia. The cause remains unknown; however, environ-
mental, behavioral, viral, and drug-related causes have been hypothesized. Intense
exercise was suggested as a potential cause in a recently reported case.® No evidence
of bacterial growth in urine or bladder tissue has been reported. All the horses in the
above-mentioned case series®® were treated with trimethoprim-sulfa drugs and non-
steroidal anti-inflammatory drugs (NSAIDs) and recovered. It is difficult to conclude if
they recovered because of the treatment. This syndrome can share several features
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with bladder neoplasia, such as history, clinical signs of hematuria and stranguria or
pollakiuria, and evidence of abnormal bladder walls on ultrasound examination. Unlike
horses with bladder neoplasia, horses with idiopathic hemorrhagic cystitis have a
favorable prognosis. Histopathology and response to treatment can help differenti-
ating the 2 conditions.

Nonsteroidal anti-inflammatory drugs-induced ulcerative cystitis
Hematuria owing to ulcerative cystitis has been reported in 2 horses treated with long-
term phenylbutazone. In these horses, ulceration and hemorrhage of the urinary
bladder were observed upon cystoscopy, and resolution of the hematuria was
achieved after discontinuation of the NSAIDs and treatment with a prostaglandin
analogue. No other causes for the cystitis were identified. The known adverse effects
of NSAIDs treatment and the positive response after discontinuing the drug (confirmed
on cystoscopy) suggested an association between phenylbutazone administration
and ulcerative cystitis for these horses.?* NSAIDs-induced cystitis should typically
cause multifocal or diffuse lesions similar to cases of idiopathic hemorrhagic cystitis.
Long-term administration of NSAIDs can also induce necrosis of the renal medullary
crest causing decreased medullary blood flow. Hyperechoic renal papilla and echo-
genic debris in the renal pelvis are characteristic ultrasonographic findings of renal
medullary necrosis.?®

Polypoid cystitis

Polypoid cystitis was recently reported as a cause of hematuria in a pony mare. On
cystoscopy, multiple small pedunculated soft tissue structures were observed on
the bladder mucosa. Histopathological analysis of the masses was consistent with
chronic polypoid cystitis. Clinical signs and lesions resolved following prolonged anti-
biotic treatment.?®

Urethral rents
Hematuria resulting from a urethral rent is usually detected at the end of urination
because of the urethral contractions that occur at that stage.

The rent is usually located on the convex surface of the urethra at the level of the
ischial arch and is usually linear and in correspondence with the corpus spongiosum
(Fig. 3).2” Stallions generally present with hemospermia and no gross hematuria,
whereas geldings present with hematuria. The specific cause of urethral defects is
not proved, but they might occur as a consequence of the dramatic increase in pres-
sure in the corpus spongiosum at the end of urination in geldings or during ejaculation
in stallions.

Urethral rents are diagnosed via endoscopy, and usually no inflammation surrounds
the rent. These horses are usually otherwise healthy with no other specific clinical
signs, but occasionally can present with dysuria. Blood work findings are normal or
limited to mild anemia. Urinalysis might be normal if the urine is caught in early to
midstream. Affected cases uncommonly might present perineal asymmetry or a
widened perineum.®

Some rents heal without specific treatments; however, if the hematuria causes sig-
nificant anemia or does not resolve, surgical treatment is indicated. Chemical cauter-
ization with topical 4% policresulen solution has recently been reported as efficacious
in some of these cases.”®

Urethritis
Primary urethritis is not well documented in horses; however, occasionally hematuria
and dysuria have been attributed to this condition. The prominent vasculature and
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Fig. 3. A urethral rent on endoscopy in a quarter horse gelding presented for blood drip-
ping at the very end of urination.

varicosities of the urethra can be easily mistaken on endoscopic examination for signs
of local inflammation.'® Nevertheless, traumatic, bacterial, neoplastic, or parasitic
(Habronema infections) conditions can potentially cause primary urethritis.

Hematuria in foals

Gross hematuria is uncommon in foals. Differentials include trauma, urinary tract
obstruction or rupture, toxicoses, drug-induced hematuria, sepsis, acute tubular ne-
crosis, congenital malformations, and leptospirosis.

Complete physical examination, blood work, urinalysis and ultrasound evaluation of
the abdominal cavity, and urinary structures are recommended to identify the source
of hematuria. Because some umbilical abnormalities have been reported to be indirect
causes of hematuria, imaging of the umbilical structures is recommended in the
assessment of foals.

Cystic hematomas are reported as the cause of hematuria in a case series of 3
foals.?® It has been hypothesized that trauma to the umbilicus during the periparturient
period can result in damage to the umbilical vessels and the urachal sheath with retro-
grade bleeding into the proximal portion of the urachus, bladder, and umbilical ar-
teries. This hemorrhagic process may then form a clot in the ventral portion of the
bladder. These foals might present with gross hematuria only, but stranguria and
discomfort can be present if the size of the hematoma is obstructive. Medical treat-
ment with intravenous fluids in order to reduce the size of the clot and promote expul-
sion can be attempted. Surgical removal should be considered in cases of active
hemorrhage or significative obstruction.

Nogradi and colleagues® reported an aortic aneurism and urethral obstruction sec-
ondary to umbilical artery abscessation as cause of hematuria in a 5-week-old foal.
Similarly, a large abdominal abscess that had eroded into the right ureter was reported
as cause of hematuria in a 4.5-month-old foal that eventually died owing to acute
bleeding when the abscess eroded the aorta.>’ Congenital abnormalities as renal
dysplasia and benign ureteropelvic polyps have been associated with hydronephrosis
and hematuria.®

65



66

Delvescovo

Specifically, congenital vascular abnormalities can also be a rare cause of hematu-
ria. A recent report described a hamartoma of vascular origin causing chronic hema-
turia since birth in a 6-month-old Criollo. The hamartoma communicated with the
lumen of the proximal urethra and led to progressive blood loss.>® Congenital intrare-
nal arteriovenous fistula, congenital unilateral renal pseudoaneurysm, and pyelone-
phritis and extrarenal arterioureteral fistula (between an aortic aneurism and the left
ureter) have been reported as causes of hematuria in foals.®*® Color-flow Doppler ul-
trasonography and advanced imaging with the use of angiography and contrast can
aid in the diagnosis of vascular abnormalities.

Other causes of hematuria

Blister beetle toxicity causes gastrointestinal irritation and renal failure. Cantharidin,
the toxin of blister beetles, is irritative to the urinary tract and may cause hemorrhage
of the urinary mucosa. Microscopic or macroscopic hematuria can be noted during
the progression of the toxicity. Cantharidin toxicity should be considered a differential
diagnosis for horses that present with hematuria, gastrointestinal pain, oral erosions,
and hypocalcemia and are fed alfalfa hay.

Chronic unilateral nephritis and vascular renal hypertension have been recently re-
ported in a stallion presented for long-term intermittent hematuria. In this report, the
cause of the initial nephritis was unclear; however, the acquired vascular anomalies
seemed to have caused the hematuria.®”

In young horses presenting with signs of acute renal disease, fevers, anorexia, and
microscopic and/or macroscopic hematuria, leptospirosis should be considered,
especially if more than 1 horse is affected on the same premises.

In horses presenting hematuria, intravascular hemolysis and acute renal failure, he-
molytic uremic syndrome similar to the human syndrome caused by E coli verotoxins
should be suspected.'®38

Any cause of uterine or vaginal bleeding could confound urinalysis and could be
mistaken for hematuria. The source of hematuria can be confirmed via cystoscopy
and urinalysis on urine samples obtained by catheterization.

Hematuria consequent to renal biopsy is common and can be present for several
days at a macroscopic or microscopic level.

Hemoglobinuria

The presence of free hemoglobin in urine is defined as hemoglobinuria. The urine can
appear clear to red-brown discolored depending on the hemoglobin concentration.
Clinical presentation, with hematological and biochemical parameters, is key in differ-
entiating hemoglobinuria from hematuria and myoglobinuria (Fig. 4). Intravascular he-
molysis must be ongoing for the RBCs to lyse and release hemoglobin. As previously
mentioned, the discoloration will not clear after centrifugation and sedimentation of
the urine sample.

Patients with intravascular hemolysis will have pink/red discolored serum and can pre-
sent with various clinical signs depending on the severity of the anemia, rate of RBCs
destruction, and primary disease process. Pale mucous membrane, icterus, tachycardia,
tachypnea, lethargy, and inappetence are among the most common clinical signs pre-
sented in moderate to severe cases regardless of the primary disease process. Various
degrees of anemia, increased in serum protein concentration owing to the intravascular
release of hemoglobin, increased bilirubin, and evidence of RBC regeneration (increased
mean corpuscular volume [MCV]) are the common hematological findings.

Common causes of intravascular hemolysis and subsequent hemoglobinuria are
parasitic (piroplasmosis), viral (equine infectious anemia), immune-mediated, or toxic.
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Red maple leaf, phenothiazine, copper, and wild onion are the most common toxic
causes, with hemolysis from red maple leaves toxicity being the most commonly re-
ported in horses.*°

Clostridium perfringens type A has been reported to have caused hemorrhagic
gastritis, hemolysis, and renal failure in a horse. The hemolysis and hemoglobinuria
were possibly due to the pathologic action of the alpha-toxin on erythrocytes cell
membranes.*°

The specific mechanism of hemoglobin-induced renal damage seems to be multi-
factorial involving direct damage to renal tubule cells, as free heme is a likely trigger
of tubule barrier deregulation and oxidative cell damage. Furthermore, tubular
obstruction with casts formed from cells debris, tubular cell necrosis directly caused
by hemoglobin, and vascular constriction are described as direct damages from
hemoglobin.*'

Methemoglobinuria is another cause of discolored urine that produces brown-
tinged color owing to high concentrations of methemoglobin. Methemoglobin is a
hemoglobinin the form of metalloprotein formed by the reversible oxidation of heme
iron to the ferric state instead of the ferrous state of normal hemoglobin. Methemo-
globin cannot bind oxygen, and, when present in high quantities, also discolors the
blood a bluish chocolate-brown. Nitrites and nitrates are reducing agents that can
directly oxidize hemoglobin to methemoglobin. Red maple leaves, mint weed, and
Sudan grass are some nitrate-accumulating plants that can cause methemoglobi-
nemia if ingested either fresh or in forage.

Myoglobinuria

Myoglobinuria is the presence of myoglobin in urine. This is secondary to severe mus-
cle injury (rhabdomyolysis) and damage to the cell membrane of the myocytes with
consequent leakage of myoglobin into the plasma. The myoglobin is then filtered by
the glomerulus and enters the renal tubular fluid. Horses that present with myoglobi-
nuria have brown-to-red discolored urine and clinical signs of rhabdomyolysis,
including stiffness, recumbency, colic, abnormal stance or gait, evidence of muscle
pain, and swelling. Concentrations of creatinine phosphokinase and aspartate amino-
transferase will be moderately to severely increased depending on the severity of the
damage and its duration.

Common causes of muscular necrosis include traumatic myopathies, exertional
myopathies, immune-mediated myopathies, postanesthetic myoneuropathies, atyp-
ical myopathy, clostridial myonecrosis, nutritional myodegeneration owing to sele-
nium deficiency, and ingestion of toxins such as ionophores.*?

The renaltoxicity is due to contact of myoglobin with the tubules causing tubular necro-
sis and consequent renal failure. Three different mechanisms of renal toxicity by
myoglobin are reported: renal vasoconstriction, formation of intratubular casts, and direct
toxicity of myoglobin to renal tubular cells. Renal vasoconstriction can result from hypo-
volemia owing to excessive leakage of extracellular fluid into the damaged muscle cells
and consequent activation of the renin-angiotensin-aldosterone system. The vasocon-
striction could also be the result of myoglobin working as a nitric oxide scavenger and
promoting cytokines release.® Intratubular casts formation is due to the interaction of
myoglobin with the Tamm-Horsfall protein in the distal tubules. This process might be
favored in the presence of acidic urine (rare in horses) and renal vasoconstriction.

Myoglobin contains iron as ferrous oxide, which is necessary for binding with oxy-
gen. The oxidation of ferrous oxide to ferric oxide generates free hydroxyl radicals that
can injure tubular epithelium and cause nephrotoxicity. Myoglobin itself can exhibit
peroxidase-like enzyme activity and leads to lipid peroxidation. Therefore, a direct
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toxic effect of the myoglobin on the renal tubules, especially on the proximal tubules, is
one of the mechanisms of direct renal injury.

In cases of myoglobinuria, the reagent strips will read positive for heme without
been able to distinguish between myoglobin and other pigments. As previously
mentioned, upon centrifugation, myoglobin does not sediment, and therefore, the
urine will remain discolored. Clinical presentation and biochemical findings aid in
the differentiation between hemoglobin and myoglobin; however, some specific tests
can distinguish the 2 pigments. Ammonium sulfate precipitation can be helpful, as it
indicates hemoglobin when precipitated at 80% saturation, whereas myoglobin gets
precipitated only on full saturation. Direct spectrophotometry, centrifugation through
a microconcentrator membrane, and electrophoresis are other methods able to distin-
guish the 2 pigments, but these are very rarely needed.

SUMMARY

This article reviewed common differentials for urine discoloration in horses and foals.
The most common causes of hematuria are described, highlighting the different clin-
ical presentations and diagnostic findings. The article also focused on the diagnostic
process of differentiating hematuria from hemoglobinuria and myoglobinuria.
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