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Proteinuria is a negative prognostic indicator for both dogs and cats with chronic kidney disease. In dogs
with chronic kidney disease, an initial urine protein: creatinine ratio (UPC) of >1.0 was associated with a
threefold greater risk of developing a uremic crisis and death. The relative risk of adverse outcomes
increased 1.5 times for every increase in the UPC by 1. In another canine study, proteinuria correlated
with the degree of functional impairment, as measured by glomerular filtration rate; dogs with UPC of
<1.0 lived 2.7 times longer on average than dogs with a UPC >1.0. When nonazotemic cats were
prospectively and longitudinally evaluated, proteinuria was found to be significantly associated with the
development of azotemia by 12 months. Both proteinuria and serum creatinine were related to shortened
survival in cats with chronic kidney disease. This was true even when cats had UPC as low as 0.2-0.4.
Chronic proteinuria has been shown to lead to interstitial fibrosis as well as tubular degeneration and
atrophy. There is some evidence that reabsorbed proteins and lipids are directly toxic to the tubular
epithelial cells, triggering inflammation and apoptosis. In addition, excessive lysosomal processing of
proteins leads to lysosomal rupture and the intracellular release of cytotoxic enzymes. Proteinuria may
increase the workload of the tubular epithelial cell beyond its capabilities. Proteinacious casts cause
tubular obstruction, which further injures the cells. Glomerular injury results decreased perfusion of the
tubulointerstitium, resulting in cellular hypoxia. Increased glomerular permselectivity increases the
filtration of other substances, such as transferrin, that cause additional tubular injury.
Because proteinuria is associated with negative outcomes, it is imperative that the practice veterinarian
has a thorough understanding of appropriate management of proteinuria in dogs and cats with chronic
kidney disease. The purpose of this presentation is to discuss the standard of care for dogs and cats with
proteinuria.
Clinical Assessment of Proteinuria
Accurate assessment of proteinuria involves 3 key elements: persistence, localization, and magnitude.
Persistent proteinuria is defined as proteinuria that has been detected on 3 or more occasions, 2 or more
weeks apart. Identifying the cause of proteinuria in an affected dog or cat is important so that appropriate
therapeutic measures can be implemented. Pre-renal proteinuria occurs when there is greater than normal
delivery of low molecular weight plasma proteins to the normal glomerulus (ex: hemoglobinuria,
myoglobinuria). Post-renal proteinuria occurs when there is entry of protein into the urine in association
with exudation of blood or serum into the lower urinary or genital tracts (ex: urinary tract infection,
urolithiasis, neoplasia). It is important to ensure that proteinuria is not due to pre-renal or post-renal
causes because the management of these disorders varies substantially from the management of chronic
kidney disease. Renal proteinuria that is glomerular or tubulointerstitial in origin is the most relevant form
of proteinuria when managing dogs with chronic kidney disease. Functional proteinuria is not very
common in dogs and cats, or at least poorly documented.
Once pre-renal and post-renal causes of persistent proteinuria are eliminated, magnitude is used to help
determine if renal proteinuria is glomerular or tubulointerstitial in origin. Magnitude is assessed using a
quantitative test for urine protein (generally UPC but could also be urine albumin). Once pre-renal and
post-renal causes of proteinuria have been excluded, it is recommended that a UPC be evaluated in all dog
with persistent proteinuria as determined by dipstick or SSA. On the other hand, the target UPC for
therapeutic intervention in cats might be as low as 0.2. With this low magnitude of proteinuria, a cat with
chronic kidney disease and dilute urine might be negative for proteinuria when measured by urine
dipstick. For this reason, it is suggested that all cats with chronic kidney disease have a UPC measured
once or twice yearly.

The International Renal Interest Society (IRIS) has recommended substaging dogs and cats with chronic
kidney disease on the basis of their UPC (Table 1). Dogs that have renal proteinuria and a UPC ≥2.0
usually have glomerular disease, whereas dogs with UPC <2.0 might have either glomerular disease or
tubulointerstitial disease. Glomerular diseases occur less commonly in cats but should be suspected when
the UPC is ≥1. Concurrent hypoalbuminuria is added evidence that glomerular disease is present.
Inhibition of RAAS to Manage Proteinuria
Because hemodynamic forces influence the transglomerular movement of proteins, it follows that altering
renal hemodynamics would be effective in reducing proteinuria. The renin-angiotensin-aldosterone
system (RAAS) has been the major target system for this approach to reducing proteinuria. Agents that
target RAAS include the angiotensin converting enzyme inhibitors (ACEi), angiotensin receptor blockers
(ARB), and aldosterone receptor antagonists (Table 2). All RAAS inhibitors have antihypertensive effects
although most of them only minimally reduce blood pressure (i.e., 10-15%). These drugs likely reduce
proteinuria by several mechanisms in addition to the expected decrease in glomerular capillary
hypertension. Likewise, the reduction in proteinuria is greater than would be expected on the basis of their
antihypertensive effects alone. RAAS inhibition is considered a standard of care in dogs and cats with
renal proteinuria where the UPC is > 0.5-1 and >0.2-0.4 respectively. The inhibitors of RAAS reduce
proteinuria in populations of animals but the effect in individual animals might vary. It may take trial and
error with different drugs or combinations of drugs before the target antiproteinuric effect is achieved;
some animals may never achieve target reductions.
The UPC, urinalysis, systemic blood pressure and serum albumin, creatinine and potassium
concentrations (in fasting samples) should be monitored at least quarterly in all animals being treated for
proteinuric renal disease. However, those that are having new drugs introduced or dosage modifications
being made for drugs already being administered should be monitored more frequently. One to 2 weeks
after an ACEi or ARB is added or changed, the UPC, serum creatinine, serum potassium and systemic
blood pressure should be evaluated to verify that the recent change in therapy has not resulted in a severe
worsening of renal function (i.e., >30% increase in serum creatinine), a concerning increase in serum
potassium concentrations, or hypotension (an unlikely occurrence with these drugs).
Day-to-day variations in the UPC occur in most dogs with glomerular proteinuria, with greater variation
occurring in dogs with UPC >4. Changes in urine protein content are most accurately measured by
assessing trends in the UPC over time. Because there is greater day-to-day variation in dogs with UPC
>4, consideration should be given to either averaging 2-3 serial UPC or measuring a UPC in urine that has
been pooled from 2-3 collections.
An ACEi is the initial therapy in most dogs and cats with proteinuria, with the typical starting dosage of
0.5 mg/kg q24h. However, the ARB telmisartan may soon become a reasonable alternative for an initial
agent. In dogs, the ideal therapeutic target is a reduction in the UPC to <1 without inappropriate
worsening of renal function. Because this ideal target is not achieved in most dogs, a reduction in UPC of
50% or greater is often the target. The degree to which worsening of renal function is tolerated will in part
depend upon the stage of CKD the dog is in. Dogs with stage 1 and 2 CKD can have an increase in serum
creatinine of up to 30% without modifying therapy. The goal in dogs with stage 3 CKD would be to
maintain stable renal function, allowing only for a 10% increase in serum creatinine. If renal function
deteriorates beyond these allowances, therapeutic adjustments may be indicated. Dogs with stage 4 CKD
are generally intolerant of worsening of renal function and any deterioration may have clinical
consequences. Whereas RAAS inhibitors can be used in this subset of patients, the initial starting doses
and incremental dose increases should be very low and renal function should be monitored closely;
therapeutic adjustments may be needed to maintain baseline renal function.
If the target reduction in UPC is not achieved, the plasma potassium concentration is <6 and any changes

in renal function fall within the tolerable limit, dosages may be increased every 4-6 weeks. If the target
reduction in UPC is not achieved with a maximal dosage an ACEi, the next step should be to add an
ARB. Alternatively an ARB can be used as monotherapy in dogs who appear to be intolerant of an ACEi.
Hypertension
Sustained hypertension can lead to target-organ damage in the eyes, brain, cardiovascular system and
kidneys. Untreated hypertension may cause worsening proteinuria and progressive renal injury. Inhibitors
of RAAS are generally only weak antihypertensive agents, leading to a reduction in blood pressure by
only about 10-15%. Ideally blood pressure should be maintained <150 mmHg. Dogs with systolic blood
pressures >160 while being administered a RAAS inhibitor may need additional antihypertensive therapy.
The first step is to increase the dose of the RAAS inhibitor. If this is ineffective when the upper end of the
dosage range is being administered, the next step is to add a calcium channel blocker, typically
amlodipine (0.25-0.5 mg/kg q24h). Systolic blood pressure should be maintained >120 mmHg in treated
dogs and cats.
Diet
In canine models of chronic kidney disease, the magnitude of proteinuria can be reduced by dietary
modification – specifically by modifying the polyunsaturated fatty acid ratio and protein content. Dietary
supplementation with n-3 polyunsaturated fatty acids or feeding a diet that has a reduced n-6/n-3 ratio that
is close to 5:1, as found in most commercially available renal diets is expected to alter the long term
course of renal injury and reduce the magnitude of proteinuria. It is generally accepted that feeding a renal
diet that is modified in protein content reduces intraglomerular pressure as well as the magnitude of
proteinuria and the generation of uremic toxins.
Aspirin Therapy in Dogs with Proteinuria
Thromboembolism is a recognized complication of glomerular proteinuria. Because of this aspirin or
clopidogrel are often recommended in dogs that have UPC > 3 or a resultant serum albumin <2.5 g/dL.
However, evidence regarding the safety of efficacy of these agents in dogs with glomerular diseases are
lacking.
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Table 1: International Renal Interest Society classification of proteinuria in dogs and cats with chronic
kidney disease.
Substage

Cat

Dog

Nonproteinuric (NP)
Borderline Proteinuric (BP)
Proteinuric (P)

<0.2
0.2-0.4
>0.4

<0.2
0.2-0.5
>0.5

Table 2: Inhibitors of RAAS used in dogs and cats with chronic kidney disease
Class

Drug

Initial Dose

Escalating Dose Strategy

Angiotensin
converting
enzyme inhibitors

Benazapril

0.25-0.5 mg/kg
PO q24 hr*
Dog or cat

Increase by 0.25-0.5 mg/kg to a
maximum daily dose of 2 mg/kg; can
be given q12h

Enalapril

0.25-0.5 mg/kg
PO q24 hr*
Dog or cat

Increase by 0.25-0.5 mg/kg to a
maximum daily dose of 2 mg/kg; can
be given q12h

Lisinopril

0.25-0.5 mg/kg
PO q24 hr*
Dog or cat

Increase by 0.25-0.5 mg/kg to a
maximum daily dose of 2 mg/kg; can
be given q12h

Ramipril

0.125 mg/kg
PO q24h
Dog

Increase by 0.125 mg/kg q24h to a
maximum of 0.5 mg/kg q24h; usually
given q24h

Imidapril

0.25 mg/kg
PO q24h
Dog

Increase by 0.25 mg/kg q24h to a
maximum of 2 mg/kg q24h; usually
given q24h

Telmisartan**

0.5-1.0 mg/kg PO
q24h
Dog
Dog or cat

Increase by 0.25-0.5 mg/kg to a
maximum daily dose of 5 mg/kg;
usually given q24h

Losartan***

0.25-0.5 mg/kg
PO q24 hr
Dog

Increase by 0.25-0.5 mg/kg to a
maximum daily dose of 2 mg/kg; can
be given q12h

Spironolactone****

0.5-2 mg/kg
PO q12-24h
Dog

Angiotensin
receptor blockers

Aldosterone
receptor blocker

*Smaller starting doses should be used in animals with in stage 3 or 4 CKD or if there are concurrent
medical problems that have the potential to lead to dehydration or reduced appetite.
**Can be used a single agent or combined with an ACEi.
***Concurrent administration of an ACEi is generally recommended.
****Only recommended in dogs with glomerular disease that have increased serum or urine aldosterone
concentrations and have failed or not tolerated an ACEi or ARB.

