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Proteinuria

The hallmark of glomerular diseases is abnormal protein loss in the urine.  From a diagnostic standpoint the clinical finding of proteinuria must first be localized as prerenal, renal, or postrenal.

Prerenal:  Protein loss into the urine by normal kidneys as a consequence of abnormal small molecular weight proteins present in the blood passing through the filtration barrier (e.g. hemoglobinuria, light-chain proteinuria in myeloma, myoglobinuria).  Transient prerenal proteinuria can result from increased intraglomerular capillary pressure, which favors transport of small proteins normally present in plasma through the filtration barrier.  This may accompany strenuous exercise, fever, or seizures.

Renal:  Glomerular proteinuria results secondary to disruption of the filtration barrier resulting in altered permselectivity.  Molecules normally retained within the plasma space are lost in the urine.  Because albumin is relatively small (65,000 daltons), it is the predominant protein lost, especially in milder proteinuria.  

The renal tubule also may be a source of renal proteinuria.  This results when the proximal tubule fails to reabsorb normally filtered proteins. This may be present in generalized tubulopathies such Fanconi syndrome or acute tubular necrosis.  Inflammation of the kidney may also cause renal proteinuria.

Postrenal:  Postrenal proteinuria occurs when protein enters the urine as a result of hemorrhage or inflammation in the lower urinary tract or genital tract.

Prerenal proteinuria can usually be ruled out by history and with a normal serum protein and spinning the urine to distinguish hemoglobinuria and myoglobinuria from hematuria.  It can be more difficult to distinguish renal and postrenal proteinuria.  If the urine sediment is “active” (hematuria, pyuria, bacteruria, heavy casts) it is not possible to distinguish if the protein is present from renal (glomerular or tubular) loss versus secondary to inflammation.

Measurement of urinary protein loss:

Semiquantitative:   These are screening tests for proteinuria.  They are dependent on urine specific gravity (e.g. 1+ on urine with USG=1.012 represents a higher urinary protein loss than it does on urine with USG=1.050)

1)  urine dipstick -- depends on a color change in tetrabromophenol blue in the presence of albumin.  Alkaline pH can give a false positive.  Quanternary ammonia compounds can cause false negatives.

2)  sulfosalicyclic acid, nitric acid tests --  depends on turbidity from acid precipitation of protein.  False positive occur when urine contains iodinated contrast agents and some antibiotics.

Quantitative:  confirming significant proteinuria

1)  24-hour protein excretion --  this is the gold standard for quantification of urine protein loss but it is cumbersome because all urine from a 24-hour period must be collected and preserved.


*  normal:  dog < 20 mg/kg/day, cat < 10 mg/kg/day

2)  urine protein:creatinine ratio -- the formation of a ratio with creatinine corrects for the specific gravity of the urine and has been shown to correlate well with 24-hour urine protein excretion.

 
*  normal:  dogs & cats < 1.0

*  “gray zone”:  < 4.0 , may be glomerular, tubular, or reflect subtle lower urinary or genital contribution


*  glomerular:   > 4.0 is very likely to reflect glomerular protein loss

When is a urine protein:creatinine ratio indicated?

Significant protein is present in urine (trace or 1+ on dilute urine, 2+ or more on concentrated urine) that has a quiet sediment.  A UP:C ratio also may be indicated in the work-up of patients with hypoalbuminemia.

It can be difficult to distinguish renal proteinuria from postrenal proteinuria in animals with hematuria.  In some cases, urine protein electrophoresis may be helpful in distinguishing the two.  In hemorrhage, the electrophoretic pattern is similar to that of serum.  In GN patients, proteinuria is predominantly albuminuria early in the course of the disease.  Globulinuria increases as the disease progresses.

Glomerular Structure    (review)

The glomerulus is a tuft of highly branched capillaries, which together with Bowman’s capsule, form the renal corpuscle of the nephron.  The glomeruli are confined to renal cortex.  The glomeruli serve as filters of the plasma.  The components of the glomerulus include the capillary endothelial cells, the visceral epithelial cells, mesangial cells, mesangial matrix, and capillary basement membranes.  Glomerular capillary endothelial cells are similar to those in capillaries throughout the body except that they contain numerous large pores called fenestrae. Glomerular capillaries are covered by visceral epithelial cells called podocytes because they contain cytoplasmic foot process that extend to the glomerular basement membrane (GBM).  The spaces between the cytoplasmic foot processes are all called slit pores and they are covered with split pore membranes.  This is where filtration is believed to occur.  The visceral epithelium is covered with sialoprotein, which is negatively charged and tends to inhibit the passage of negatively charged macromolecules.  The permselectivity of the glomerulus is thus a charge- and sized-based barrier.  Mesangial cells occupy spaces in the tuft between the capillary loops and produce the mesangial matrix.  Mesangial cells have phagocytic capabilities.  The mesangial matrix provides the structural support for the glomerulus.  The GBM is located between the endothelial and visceral epithelial cells although it does not completely surround the capillary lumen (it separates visceral epithelium from mesangial matrix in some areas).  

Glomerular Injury

Glomerular injury is an important cause of renal disease in companion animals; it appears to be more common in dogs than in cats.  Because the components of the nephron are functionally interdependent, disease in the glomerulus if progressive and unresolved will eventually lead to damage of the tubules, interstitium, and vasculature.  Glomerular disease, like other diseases of kidney, can result in progressive glomerulosclerosis and an end-stage kidney.  In both dogs and cats, immune complex glomerulonephritis and amyloidosis are most common primary glomerular disease syndromes; both are immunologically based.

The Immunological Basis of Glomerular Injury

The most common cause of glomerular injury is immune-mediated tissue injury.  The cause of immunologic activation is rarely known.  Antigens of a diverse nature can participate in immunologic injury of the glomerulus.  Any infectious, inflammatory, parasitic, neoplastic, or degenerative disease process that results in sustained antigenic stimulation can lead to subsequent immune-mediated glomerular damage. Hereditary susceptibility to certain types of glomerulonephritis (membranous glomerulonephritis) has been demonstrated in human patients.

A few examples of diseases that may result in a secondary immune-mediated glomerulonephritis:

Bacterial:  pyometra, bacterial endocarditis, diskospondylitis, foxtail granuloma, brucellosis, RMSF

Viral:  canine adenovirus, feline leukemia virus, FIP

Parasitic:  heartworm

Neoplastic:  lymphoma, mastocytosis, carcinoma (theoretically any type of neoplasm)

Degenerative/Inflammatory:  SLE, pancreatitis, cirrhosis, chronic dermatitis, polyarthritis, cholangiohepatitis, stomatitis

Heredofamilial:  Shar pei fever; greyhound vasculitis; familial glomerulonephritides of cocker spaniels & Samoyeds

Drug-induced:  TMS, immunotherapy, penicillamine, gold salts, NSAIDs

The mechanisms involved in immune-mediated glomerular injury can include:


(1)  deposition of preformed circulating immune complexes into the GBM


(2)  in situ reaction of antibody with exogenous (planted) antigens or intrinsic 


glomerular antigens


(3)  cell-mediated immune reactions


(4)  complement-mediated damage


(5)  deposition of amyloid protein 


(6)  hemodynamic forces (altered renal blood flow, systemic or glomerular 



hypertension)


(7)  hyperlipidemia


(8)  intrarenal coagulation


Mechanisms 6, 7, and 8 and non-immune mechanisms of renal injury that may 
contribute to progression of immune-mediated glomerular injury.  They are also 
believed to underlie the development and progression of glomerular lesions in non-
immune-mediated glomerulopathies and glomerular lesions in animals with primary 
tubular, interstitial, or vascular renal disease.

The Pathogenesis of Glomerulonephritis

The most common inciting cause of GN is the deposition of preformed circulating immune complexes into the GBM.  Alternatively, in certain instances the immunoglobulins combine with antigens previously planted in the GBM (e.g. heartworm).  Primary autoimmune GN is also possible with antibodies reactive against native GBM proteins, but this has not been described in dogs or cats.

The presence of immune complexes in the GBM then triggers a cascade of immunologic damage promoted by bioactive mediators (cytokines, nitric oxide, eicosanoids, complement, growth factors) that are produced by glomerular cells or recruited circulating blood cells.  The nature of the immune reactions in GN are complex and variable and the interested reader is referred to Ettinger for the details.  These details may prove critical in the future because they may provide a method whereby the glomerular inflammatory response may be modified with therapy. 

Because the inciting cause of glomerulonephritis is rarely known, it is usually characterized by its histological description.  A complex classification system exists for human medicine and a simplified version exists for veterinary medicine:


1)  membranous GN -- GBM         [MGN]


2)  proliferative GN -- increased glomerular cellularity           [PGN]


3)  membranoproliferative GN -- combination of the two            [MPGN] 


4)  glomerulosclerosis --  glomerular scarring associated with increased mesangial 


matrix deposition           

Membranous nephropathies are generally associated with heavy proteinuria and frequently an insidiously progressive course leading to renal failure.  It is the most common type in the both the dog and cat in most studies.  Membranoproliferative (mesangiocapillary) glomerulonephropathy is also common in the dog.  Late stage membranous GN is difficult to definitively distinguish  membranoproliferative GN without EM.  Proliferative glomerulopathy generally presents with a fulminating course.  Animals with GN usually have reduced GFR although they may not be in renal failure.  When glomerulosclerosis is present the permeability of the glomerulus is affected in addition to the permselectivity.  Glomerulosclerosis is an end-stage of chronic inflammatory or degenerative renal diseases in which the glomeruli are replaced by hyaline or fibrotic material.

The Pathogenesis of Amyloidosis

In amyloidosis, there is extracellular deposition of fibrils formed by polymerization of protein subunits in a -pleated sheet configuration, which are insoluble and resistant to proteolysis.   Most cases of renal amyloidosis is a secondary or reactive condition in which there is tissue disposition of fragments of serum amyloid A protein (SAA). SAA is one of several acute-phase reactant proteins synthesized by the liver in response to tissue injury.   Chronic inflammation and a prolonged increase in SAA concentration are prerequisites of reactive amyloidosis.  Even so, amyloidosis is a relatively rare consequence of chronic inflammation so other modifying factors, including genetic predisposition, are important in the etiology.  Familial reactive amyloidosis has been described in the Shar pei dog, Abyssinian cat, Siamese cat, and Oriental Shorthair cat.  

Primary (immunoglobulin-associated) amyloidosis occurs when fragments of immunoglobulin light chains (SAL) are deposited in tissues as a consequence of plasma cell dyscrasias.  This type of amyloidosis is rarely reported in domestic species.
 “Non-immunological” Glomerular Injury

Although they are less common, non-immunologically mediated triggers of glomerular injury also exist. Deposition of glycosylated compounds in the glomerulus of patients with diabetes mellitus (diabetic nephropathy) is perhaps the most well understood.  In many types of glomerulosclerosis in humans and animals, it is not known whether the pathogenesis of the glomerular lesion is immune-mediated.  An immune-mediated pathogenesis is inferred for some of them because they are responsive to corticosteroids or plasmapheresis.  Most heredofamilial nephropathies of dogs are very poorly understood because the renal lesions are often very advanced (end-stage kidneys) at the time of kidney biopsy or death.  Thus, the attempted classification of  canine heredofamilial nephropathies into immune-mediated and non-immune-mediated is considered a “best guess” and will change as more is learned about these diseases.

Heredofamilial: , bull terriers (Alport's syndrome), Bernese mountain dog, Doberman (glomerulosclerosis), rottweilers, Newfoundlands (collagenofibrotic glomerulopathy), & soft-coated wheaton terriers (dysplasia)


Drug-induced:  corticosteroids, hydralazine


Miscellaneous:  diabetes mellitus, erythrocytosis, hypertension, collagenofibrotic 


glomerulopathy in the cat (rare, may be heredofamilial)

Consequences of Glomerular Injury

(1) Renal blood flow and GFR may be normal, increased, or decreased depending on the nature and severity of the glomerular damage, compensatory changes in renal vascular resistance and systemic hemodynamic status.  Clinical signs of renal insufficiency are present in glomerular disease only when GFR is inadequate to meet excretory requirements.  Therefore, animals with glomerular disease may or may not have associated renal failure.

(2) Proteinuria results from breakdown in the permselectivity barrier of the glomerulus and is the “signature” of glomerular injury.  The magnitude of the protein loss largely determines the clinical course of the disease.  Mild glomerular protein loss can be compensated through dietary excesses, increased hepatic protein synthesis, and decreased protein catabolism.  Moderate to severe protein losses will overwhelm these compensatory processes and can lead to negative nitrogen balance, hypoalbuminemia, and nephrotic syndrome.

(3)  Coagulation abnormalities are common in proteinuric animals.  Increases in factors V, VII, VIII, and X; decreases in anti-thrombin III; and altered platelet function lead to a hypercoagulable state, which predisposes the animals to thromboembolism.

(4)  Arterial hypertension is a common complication of glomerular disease, documented in up to 80% of affected dogs.  Uncontrolled hypertension promotes progressive renal damage in patients with glomerular disease.

Nephrotic Syndrome

Nephrotic syndrome is a set of clinical signs that may develop as a secondary to the above effects of glomerular injury.  The components of nephrotic syndrome are:



(1)  proteinuria



(2)  hypoalbuminemia



(3)  hyperlipidemia, particularly hypercholesterolemia



(4)  edema and/or ascites



Animals with proteinuria, hypoalbuminemia, and hyperlipidemia without edema or ascites are considered to have a nephrotic tendency.  Dogs and cats are less likely to develop overt dependent edema or ascites as compared with human beings.  Development of edema or ascites requires sodium retention leading to fluid overload in addition to the hypoalbuminemia; it may be that domestic species are less prone to sodium retention than are humans.

It should be remembered that nephrotic tendency results from a loss of glomerular permselectivity not glomerular permeability.  Azotemia is not a requisite clinical component of nephrotic tendency.  

Patient Evaluation

Signalment:  All ages and breeds of dogs and cats may be affected.  Incidence of disease increases in dogs over 5 years of age.  There appears to a sex predilection in cats with 75% of cases occurring in males and a slight breed predilection in dogs for Labradors, golden retrievers, and miniature schnauzers.  

Familial glomerulonephritis/glomerulopathies have been described in Dobermans, Samoyeds, Cocker Spaniels, SC Wheatons, greyhounds, Bernese mountain dogs, Newfoundlands, rotweillers, and bull terriers.  Familial amyloidosis is describes in Abysinnian, Siamese, and Oriental Shorthair cats and Shar pei dogs.  Dog breeds over-represented for amyloidosis are reported to be collies, beagles, and Walker hounds.

History/PE:  A careful history and physical examination are required because many cases of GN are secondary to another occult disease.  In humans, NSAID abuse is suggested as a possible cause of membranous nephropathy.  

Specific physical abnormalities associated with glomerular injury may be subtle (weight loss, poor haircoat) or absent unless the animal is also uremic.  Some patients may have overt nephrotic syndrome with edema, ascites, or rarely pleural effusion.  Kidney size may be normal, increased (amyloidosis, acute GN), or decreased (chronic GN or glomerulosclerosis).  

Shar pei dogs with familial Shar pei fever will have a high fever, swollen hocks, and/or a swollen muzzle.  Clinical signs of hepatic involvement may be present in affected Shar pei dogs and Abyssinian, Oriental Shorthair, and Siamese cats.

Occasionally animals may present with signs attributable to the thromboembolic complications of GN.  Dyspnea may result from pulmonary thromboembolism and hindlimb paresis may result from aortic thromboembolism.  Rarely, dogs or cats may present for acute blindness associated with hypertensive retinal detachment.

Laboratory findings:  The clinical diagnosis is supported by the finding of proteinuria in the absence of inflammation.  The urine sediment of some patients may also demonstrate microscopic hematuria and/or hyaline, RBC, or granular casts.  Animals with glomerular amyloidosis generally have the highest urine P:C.  Animals with medullary amyloidosis (e.g. Abysinnian cats and Shar pei dogs) may lack significant proteinuria early in the course of their disease.

Clinical database for animals with glomerular proteinuria:


CBC with platelet count


chemistry with electrolytes


complete urinalysis and urine culture


urine protein:creatinine ratio


blood pressure


coagulation panel with antithrombin III


heartworm screen


ANA


TLI


serum immunoelectophoresis


FeLV, FIV (feline)


Lyme Ag, Ehrlichia & RMSF (canine)


chest radiograph


abdominal ultrasound (or abdominal radiograph)


blood mercury


brucellosis test (reproductively active canine)


leptospirosis and toxoplasmosis titers?


renal biopsy (H&E, silver, immunofluoresence, EM are ideal but rarely done)

In one report of dogs with GN and amyloid, approximately 50% of the dogs had a concurrent neoplastic, infectious, inflammatory, or immune-mediated disease at necropsy.

Treatment Guidelines for Glomerulonephritis

1) Identify and correct underlying disease process

a) Supportive care

i) Treat abnormalities associated with renal failure (if present)

2) acidosis, electrolyte imbalance, anemia, renal 2° hyperparathyroidism, etc.

a) Proteinuria treatment

b) Enalapril or other ACEI 

i) High-quality, restricted-quanity protein diet

c) Hypertension treatment

d) Dietary sodium restriction.

i) Enalapril 

ii) 0.1 - 0.5 mg/kg q 12 - 24 hrs 

iii) monitor K+ & creatinine

e) are other ACE-inhibitors more renal sparing??

i) Amlodipine 

ii) cats:  0.625 mg SID

f) dogs: 0.05 – 0.1 mg/kg SID

i) Others

ii) Prazocin

iii) Atenalol

g) Dietary therapy

h) Dietary sodium restriction

i) High-quality, restricted-quantity protein diets

ii) Decrease RAAS

iii) Decrease mesangial macromolecular trafficking

i) Ameliorate hyperlipidemia

3) Avoid protein or calorie malnutrition which exacerbates albumin catabolism

a) Correct sodium/fluid imbalances such as ascites or edema

b) Furosemide 1 - 2 mg/kg as needed (use cautiously so as not to induce 


     volume contraction and reduced GFR)

i) Spironolactone for refractory cases or those with hypokalemia

c) Paracentesis for tense ascites

d) Plasma transfusions (for situation where fluid volume support is required)

4) Dialysis

a) Anti-inflammatory & Anti-oxidant treatment

i) Fish oils 

ii)  Decrease TxA2 produced in response to C’-mediated damage

iii)  Literature indicates delays progression in some situations; no effect in others.

(1) Dose

i) Follow guidelines of specific product used

(2) Approximately 1 g per 10# BW

iv) Evidence to suggest that vitamin should be used concurrently to ameliorate oxidative injury.  Many brands already contain vitamin E.

ii) Watch out for excess Vitamin A in some preparations.

iii) Vitamin E

(1) Ameliorates oxidative injury in IgA nephropathy in rats (100IU/kg chow)

(2) Decreases TGF-b

iv) Prevents glomerular hypertrophy

v) Reactive oxygen species and lipid peroxidation important in glomerular damage in other types of GN as well, including MGN

b) 200 IU per day for a large dog, adjust for small dogs and cats

5)  Thromboxane synthetase inhibitors 

a)  Lipid abnormality treatment

b) Dietary and primary lipid-lowering drug (HMG-CoA reductase inhibitors) therapies are not particularly effective.

i) Antiproteinuric therapies have the greatest effect on improving lipid profiles in rats and humans

ii)  Enalapril or other ACE inhibitors  

iii) Angiotensin II subtype 1 receptor antagonists (Losartan) are effective in humans

6) NSAIDs are effective in humans

a) Hypercoagulability treatment

b) Aspirin 0.5 mg/kg (q 12-24 hrs dogs, q 72 hrs cats)

c) Warfarin  -- hypoalbuminemia effects dose

d) Immunosuppressive treatment

e) No clear evidence that this is beneficial in veterinary patients, except perhaps for SLE

i) Agents available

ii) Cyclophosphamide 2.2 mg/kg q 24 hrs, alternating 4 days on and 4 days off

iii) Azothiaprine 2 mg/kg q24-48 hrs (dogs only)

iv) Cyclosporine (adjust based on plasma levels)

(1) Decreased proteinuria in some humans with idiopathic MGN

(2) Small canine study showed numerous side effects.



v) Chlorambucil

vi) Corticosteroids

vii) Leflunomide

f)  Miscellaneous

g) Non-anticoagulant heparin has been shown to be beneficial in MPGN to decrease mesangial, endothelial and epithelial cell proliferation.

i) Comparative Glomerulonephritis Therapy Study Group website contains current information on GN therapy in humans 

ii) http://www.uni-tuebingen.de/uni/kmp/cgts1e.htm
The ideal treatment plan for GN in dogs and cats is far from clear.  Even when the histopathologic type of GN is known based on a biopsy result, it is difficult to know the optimal treatment plan.  Results of studies in human patients are, in many cases, conflicting.  In some cases, therapies are shown to reduce proteinuria without improving renal survival or overall survival.  This seems paradoxical given the relationship noted in many studies between magnitude of proteinuria and disease progression.

Very few studies of companion animal patients are published.  When an underlying disease is found, correction of that disorder is often the most critical aspect of therapy.  Unfortunately, such as underlying disorder is rarely found.  Supportive care for patients with renal failure, hypertension, ascites, or edema is always indicated.

High-quality, low protein diets have been recommended for many years because higher protein diets promoted a greater magnitude of proteinuria, which depleted the body albumin pool.  Recently, the practice of protein restriction has been questioned in certain types of GN in humans.  It may be that higher protein diets can be fed without inducing a greater magnitude of proteinuria if they are used together with enalapril or an AT1 antagonist.

Angiotensin-converting-enzyme (ACE) inhibitors have been shown to reduce proteinuria in both dogs and humans with GN.  In humans, improvements in lipid abnormalities (hypercholesterolemia, hyperlipoproteinemia) are also clearly demonstrated.  Enalapril is the most commonly used ACE inhibitor currently used in dogs.  Newer ACE inhibitors with dual (hepatic and renal) elimination may, in the future, prove to be better options for patients with renal disease.  

Mini-dose aspirin is used routinely to minimize risks of hypercoagulability.  Thromboxane inhibitors have been studied on a limited basis in dogs with some success.  The results of the use of omega-3 fatty acids (fish oils) in humans with GN has been mixed.  Vitamin E looks promising and I have begun to use it in my patients.

Immunosuppressive therapy:  The use of immunosuppressive agents, and which type, is perhaps the most controversial and difficult aspect of therapy for GN.  Use of corticosteroids is indicated when an underlying corticosteroid-responsive disease is identified (e.g. SLE).  

MGN --The current view is that idiopathic MGN in humans does not appear to responsive to glucocorticoids, which contradicts early studies suggesting otherwise.  In contrast,  there is convincing evidence that cytotoxic therapy with cyclophosphamide or chlorambucil has benefit in idiopathic MGN, especially when instituted early in the disease.  It appears that humans patients with coexistent renal insufficiency have less chance of achieving therapeutic benefit from cytotoxic agents and may even be harmed by the use of cyclophosphamide.  In humans, patients with idiopathic MGN are grouped according to risk of progression to renal failure based on age, sex, and biopsy findings before a selecting a therapeutic approach.  It is difficult to know if veterinarians should use chlorambucil or cyclophosphamide in veterinary patients with MGN.  Many of the human studies evaluating chlorambucil also involved some months of treatment with pulsed methylprednisolone to reduce of the risk of leukopenia from chlorambucil.  Cyclosporine therapy is, at present, reserved for those patients who fail to respond to cytotoxic drug therapy.  Studies on the efficacy of immunosuppressive therapy in veterinary patients are virtually nonexistent.  In one very small study of dogs with all types of immune complex GN, no benefit was found with cyclosporine treatment and side effects were common.  

 In some cases, a subtype of glomeruloscerotic GN termed focal glomerulosclerosis does appear to respond to long courses of steroid therapy.

Future directions in therapy may include more targeted immunosuppression such as chimeric fusion proteins (e.g. CD40-Ig) or oligonucleotide antisense. 

Treatment of Amyloidosis

Amyloidosis generally carries a guarded prognosis because many patients present with renal failure and amyloidosis is generally nonresponsive to therapy.  The use of DMSO in canine amyloidosis is controversial and without proven benefit.  Methylsulfonylmethane (MSM) is the active metabolite of DMSO.  It  is marketed as a nutraceutical; therefore, there are no efficacy data available.  The suggested dose is 88 mg/kg TID.  There is a role for colchicine in the prevention of amyloid in dogs with familial Shar pei fever. 

Familial Shar pei Fever (FSF)

FSF is an episodic fever disorder that appears to be analogous to the disorder, familial Mediterranean fever in human beings.  It is inherited as an autosomal trait and the gene appears to be quite prevalent in US Shar peis.   It is thought that dysregulation of IL-6 may underlie the disease as elevated levels are present in affected dogs.  Clinical signs of the disorder include multiple episodes of high fever, often accompanied by swelling of the joints, especially the hocks.  Some dogs will have a swollen, painful muzzle; abdominal pain; vomiting or diarrhea; or rapid breathing.  Affected Shar pei dogs are at an increased risk for development of renal and/or hepatic amyloidosis, which may progress to renal or hepatic failure.

Episodes of fever > 106 should be treated with cool IV fluids and, if necessary, dipyrone once the animal is well hydrated.  The development of amyloid can be prevented with colchicine.  The starting dose of 0.025 mg/kg q 24 hrs is recommended.  If there are no side effects but episodic fevers persist, the dosage can be increased up to 0.03 mg/kg q 12 hrs.  Low dose aspirin can also be used to alleviate joint pain.
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