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Overview and Definition


I.  Definition


A.  chronic renal failure (CRF) is primary renal failure present for an extended period of time (more than a month)  


B.  regardless of the inciting cause of renal injury, CRF is characterized by irreversible structural damage to the kidney and associated loss of nephrons   


C.  renal function of patients with CRF is generally stable over a period of weeks to months.


1.   provided that all prerenal, postrenal, and reversible primary renal contributions to renal dysfunction have been corrected 


2.  once compensatory and adaptive changes have occurred 


D.  unless renal injury is ongoing or the insult is recurring, deterioration of intrinsic renal function is usually slow


E. typically, CRF is slowly progressive even when no active disease process is ongoing in the kidney





II.  Renal failure vs. renal disease


A.  renal failure is a clinical state in which renal function has deteriorated to a sufficient extent that compensatory mechanisms no longer permit the kidney to perform its function


1.  failure to clear metabolic wastes


2.  failure to perform hemostatic functions


3.  reduced endocrine functions


B.  renal disease refers to any degree of renal parenchymal impairment and need not be associated with detectable renal failure


1.  localized or generalized disease


2.  morphologic or functional disease


C.  because of renal reserve and compensatory mechanisms, the kidney may be significantly diseased without manifesting clinical signs of renal failure 


D.  renal failure may be the result of a single major injury to the kidney or from the cumulative effects on ongoing or repeating minor insults


E.  there are many causes of renal injury:    immune-mediated inflammation, infection, ischemia, nephrotoxins, congenital abnormalities, heredofamilial abnormalities, trauma, postrenal obstruction, neoplasia, hypertension, diabetes, electrolyte disturbances


F.  renal disease often goes unrecognized until renal failure is present


1.  at this point, renal damage may be sufficiently severe as to prevent determination of the original or contributing causes of renal injury


2.  when renal failure is present and active disease processes are not identified, therapeutic measures are supportive and symptomatic


3.   no specific therapy is available to reverse the structural lesions of CRF


4.  therapeutic options are available to slow the rate of progression of renal failure


G.  “end-stage kidney” is a morphologic term that describes a fibrotic, irreversibly damaged kidney 


1.  the renal response to various types of injury is limited and thus the morphologic appearance of advanced kidney disease is the same, independent of the pathophysiologic cause of the damage


2.  the functions of the different parts of the kidney (glomeruli, tubules, vessels, interstitium) are interdependent --> disease in one segment eventually leads to damage to the others


3.  after birth, new nephrons cannot be formed to replace those irreversibly damaged by disease





III.  Affected population


A.  CRF occurs in dogs and cats of all ages


1.  in 1990, for all cats examined at North American colleges of veterinary medicine, renal failure was the diagnosis of record for 16 per 1000 cats examined


2.  for cats over 15 years of age, renal failure is the diagnosis of record for 153 cats per 1000 examined


3.  in 1990, for all dogs examined at North American colleges of veterinary medicine, renal failure was the diagnosis of record for 9 per 1000 dogs examined 


4.  renal failure is less common in dogs than in cats but the incidence of disease also increases with age


B.  breed coding data in the medical data base may be less reliable


1.  renal failure was recognized with increased frequency in Maine coon, Abyssinian, Siamese, Russian blue and Burmese cats





IV.  Causes of CRF


A.  Congenital


1.  unilateral renal agenesis


2.  obstructive uropathy


3.  renal dysplasia


4.  other structural anomalies


B.  Hereditary


1.  cats


Abysinnian cat - amyloidosis


Oriental shorthair - amyloidosis


Persian - polycystic kidney disease


Siamese - amyloidosis


2.  dogs


Basenji - Fanconi syndrome


Beagle - amyloidosis, unilateral renal agenesis  


Bull terrier - basement membrane disorder


Cairn terrier - polycystic kidney disease


Chow - renal dysplasia


Cocker Spaniel - glomerular disease


Doberman - basement membrane disorder


German shepherd - multiple cystadenocarcinomas


Lhasa apso - renal dysplasia


Miniature schnauzer - renal dysplasia


Norwegian elkhound - renal glycosuria, periglomerular fibrosis


Pembroke Welsh Corgi - telangiectasia


Rottweiler - glomerular disease


Samoyed - basement membrane disease


Shar pei - amyloidosis (FMF)


Shih tzu - renal dysplasia


Soft-coated Wheaton terrier - glomerular disease, renal dysplasia


Standard poodle - renal dysplasia


3.  tubular transport defects that do not lead to CRF


a.  cystinuria --  mastiffs and bull mastiffs, Australian cattle dogs, English bulldogs, Chihuahuas, Irish terriers, Newfoundlands, basenjis, Scottish deerhounds, Australian shepherd dogs, miniature pinschers, Staffordshire terriers, Welsh corgis, silky terriers, Bichon Frises, pit bull terriers, and dachshunds


b.  urate transport defect  suspected-- English bulldogs, Yorkshire terriers


C.  Acquired


1.  glomeruli


a. amyloidosis


b. diabetic glomerulopathy - common in humans, rare in dogs and cats


c. DIC


d.  embolic disorders


e.  immune-complex disorders


2.  tubules


a.  congenital/familial disorders


b.  hypercalcemia


c.  ischemia


d.  nephrotoxins


e.  neoplasia


f.  obstructive disorders


g.  tubular transport disorders


i. Fanconi syndrome (generalized tubular disorder)


ii. renal tubular acidosis


iii.  primary renal glycosuria


3.  interstitium


a.  amyloid is cats and Shar peis


b.  drug-induced nephritis


c.  heavy metal toxicity


d.  immune disorders ??


e.  leptospirosis


f.  pyelonephritis


g.  systemic mycoses


4.  vascular


a.  DIC


b.  atherosclerosis (rare in animals)


c.  embolic disorders


d.  polyarteritis nodosa





Clinical Consequences


I.  Clinical signs of CRF


A.  gastrointestinal


1.  anorexia


a.  renal secondary hyperparathyroidism


b.  uremic gastritis/stomatitis/enterocolitis


c.  acidosis


d.  hypokalemia


e.  drug-associated


f.  anemia


g.  dehydration


2.  weight loss


a.  anorexia


b.  acidosis


3.  vomiting/hematemesis


a.  increased gastric ammonia


b.  hypergastrinemia


c.  uremic toxins


4.  melena


5.  stomatitis


6.  diarrhea


7.  constipation is relatively common in cats


a.  dehydration


b.  neurologic degeneration with aging


B.  impaired urine concentrating ability, PUPD, nocturia


1.  solute diuresis (increase solute load per surviving nephron)


2.  abnormal medullary architecture & countercurrent multiplier


3.  impaired responsiveness to ADH


C.  arterial hypertension


1.  reported in approx. 2/3 of animals with CRF


2.  sodium retention and associated ECF volume


3.  activation of the RAAS


4.  increased norepinephrine and vascular responsiveness to it


5.  secondary hyperparathyroidism


6.  decreased vasodilatory substances


7.  increased cardiac output


D.  neuromuscular 


1.  drowsiness


2.  myoclonus (tremors)


a.  hypocalcemia


b.  heat generation??


3.  seizures


a. hypertension


b. uremic encephalopathy


4.  lethargy progressing to stupor/coma


a. uremic encephalopathy


b. hyperparathyroidism


5.  generalized weakness


a.  hypokalemia


b.  acidosis


c.  hyperparathyroidism


E.  ocular


1.  scleral and conjunctival hyperemia in advanced uremia


2.  hypertensive consequences: papilledema, retinal arterial tortuosity, retinal hemorrhage, retinal detachment, hyphema, anterior uveitis, glaucoma


F.  hemorrhagic


1.  bruising


2.  gastrointestinal hemorrhage


3.  bleeding gums





II.  Laboratory signs of CRF


A.  acidosis


1.  limited ability of the failing kidney to secrete hydrogen ions and regenerate bicarbonate


2.  effects: bone deminerlization, negative K+ balance, taurine depletion, protein malnutrition, muscle wasting


B.  anemia


1.  erythropoietin deficiency


2.  shortened red cell lifespan


3.  blood loss


4.  nutritional deficiencies  (esp. iron)


C.  azotemia


1.  impaired ability to secrete proteinaceous compounds


2.  BUN itself may not be a primary uremic toxin; even so, its concentration correlates well with clinical signs of uremia


D.  hyperphosphatemia


1.  degree of hyperphosphatemia will generally parallel increases in BUN


2.  CRF animals that are not yet azotemic should be normophophatemic


3.  hyperphosphatemia does not induce clinical signs directly, but it leads to:


a.  hypocalcemia


b.  renal secondary hyperparathyroidism


c.  reduced calcitriol levels


d.  soft tissue calcification


e.  renal osteodystrophy


4.  phosphorus is absorbed from the GI tract and excreted by the kidneys


5.  in early CRF, phosphorus levels may remain normal because increased tubular secretion of phosphorus in remaining nephrons compensates for declining GFR


a.  mediated by PTH (renal secondary hyperparathyroidism)


b.  when <20% of renal function remains, adaptive mechanisms are maximized and hyperphosphatemia ensues  


E.  renal secondary hyperparathyroidism


1.  soft tissue calcification may occur in lungs, kidneys, arteries, stomach, and myocardium (generally a sign of advanced disease)


2.  calcitriol, the most active form of vitamin D, is formed by 1a-hydroxylation of 25-hydroxyvitD in the kidney


3.  calcitriol deficiency is pivotal to the development of renal secondary hyperparathyroidism because calcitriol normally limits PTH synthesis


4.  PTH is a uremic toxin and contributes to the clinical manifestations of uremic syndrome


5.  clinically important renal osteodystrophy is rare in veterinary patients; when it does occur it is usually in immature patients


a.  bones of the skull more susceptible leading to rubber jaw


b.  fractures are rare but generalized bone decalcification is present


F.  hypokalemia


1.  20% of cats with CRF have hypokalemia


2.  uncommon in dogs; dogs with very advanced CRF may develop hyperkalemia


3.  polyuria (high urine flow rates in the distal tubules) promotes renal K+ loss


4.  cardinal sign is generalized muscle weakness often with cervical ventroflexion or stiff gait


5.  dry matter K+ intake should exceed 0.6%


6.  chronic potassium depletion can lead to impaired renal function in cats (hypokalemic polymyopathy/nephropathy syndrome)


	a.  exacerbated by concurrent acidosis


	b.  both hypokalemia and acidosis augment renal ammoniagenesis


7.  ability to excrete a K+ load will be diminished in animals with CRF


G. proteinuria


	1.  mildly (1.5 - 2x normal) increased in dogs and cats with CRF


	2.  dependent on dietary protein





III.  Diagnostic Evaluation


A. general data base [CBC, chem panel, UA, T4 in older cats]


1.  whenever possible, the UA should be prior to initiation of fluid therapy


2.  even if the patient is dehydrated, once IV fluids have been given in any quantity USG loses its diagnostic validity


 B.  problem-specific database:


	1.  blood pressure, retinal exam


	2.  urine culture


	3.  renal ultrasound (mandatory for big kidneys, ideal for all)


	4. + abdominal radiograph


C.  if the animal is “sick” on initial diagnosis, get new baselines for “renal chemistries” after diuresis for evaluation of renal function after correction of prerenal and postrenal components of the azotemia


D.  diagnostic procedures used to detect and localize disorders of the urinary system


	method	renal function	localize to kidney	localize to urinary system 


	BUN	GFR		no		no


	creatinine	GFR		no 		no


	USG	tubular fxn		no		no


	IVP	crude index of		yes		yes


			RBF and GFR


	Ultrasound	no		yes		yes


	Iohexol clear.	GFR		no		no


	H2O depriv.	tubular fxn		no		no


	urinary cats	no		yes		--


	renal biopsy	no		yes		--


	significant	no		no		yes


	bacteruria


	proteinuria	no		no		no


	pyuria	no	  	no		yes


	hematuria	no		no		yes


--------------------------------------


note:


-  alterations in renal function are not always caused by diseases localized to the kidneys


-  large quantities for protein in the absence of RBCs and WBCs does suggest glomerular disease


-  significant bacteruria, pyuria, hematuria only localizes to urinary tract when genital tract contamination is absent


-  pyuria and hematuria localize to the kidney if the WBCs or RBCs are present within urinary casts


IV.  Prognosis


1.   loss of renal function is permanent in patients with CRF


2.   prognosis depends on renal function when prerenal, postrenal, and reversible influences on renal function have been corrected


3.  depends on investment by client in long-term monitoring and management


4.  many animals with moderate CRF can live a good quality life for months to years 





Management of Chronic Renal Failure


I.  Monitoring  -- The Operative Word is Chronic


A.  because CRF is an irreversible situation, discuss the need monitoring for the life of the patient 


B.  determine how committed the client is


1.  impact of vet visits on the animal’s quality of life


2.  impact of all the medications/medicating on the animal’s life


3. don’t assume the level of nursing care the clients will do at home


4.  there’s more than one way to manage CRF 


5.  animals with CRF are less tolerant of other illnesses because they’re prone to dehydration


6.  costs of visits, monitoring, diets, and supplies





II.  Routine Monitoring  


A. confirm what client is supposed to be giving and what is getting in the animal


B.  weight, retinal examination relatively frequent


C.  draw minimal blood that is needed especially if sampling frequently; sampling does 		contribute to anemia in CRF


D.  renal panel (BUN, creatinine, BUN/Cr, Na+, K+, TCO2, Phos, ICa++)


E.  PCV/TS


F.  blood pressure  (my strong preference is to have the owner present)


G.  monitor how the client is doing with the nursing care and what creates frustration





III.  Special Monitoring


A.   whatever we're trying to change with treatment


B.   PTH for calcitriol patients





IV.  Occasional Monitoring


A.   urine culture


1.  Remember all the things that suggest the possibility of UTI but remember too that NONE of them are equivalent to UTI:


hematuria ≠ UTI


pyuria ≠ UTI


bacteruria ≠ UTI   [contaminants and misreads]


lower urinary tract signs ≠ UTI


&, of course, no signs and an normal UA can = UTI


2.  frequency of monitoring depends on how many previous UTIs the patient has had


B.  urinalysis


1.  blood


2.  white blood cells


3.  protein


4. (changes in USG are rarely interesting)


C.  the rest of the chemistry panel & T4 if > 9 yrs


D.  serum Fe if available





V.  Some Keys to Successful Management


A.    A good relationship with the client


1.  because feline CRF is a chronic disease, it can be very stressful to clients.  


2.  clients appreciate good demonstrations and any suggestions we can provide to make home care less stressful


3.  try, in as much as the client is interested, to make them a part of the "medical team" 


4.  prepare a set of client information sheets that explain the disease and provide tips for treatment can be very helpful to clients.


5.  examples of topics to cover:


a.  SQ fluids


	i.  try different sizes of needles because different animals prefer different sizes


	ii.  some animals prefer heated SQ fluids


	iii. move site of administration 


	iv.  associate with something animal enjoys


b. medications


i.   sheets that explain what the drugs are for, when to give, side-effects


ii.   put multiple pills into same gel capsule


iii.  compounding as flavored liquid


iv.  choosing product that can be hidden in food (famotidine vs. cimetidine; Basaljel vs. Amphogel)


	v.  injectables are not out of the question


c.  food


i.  have access to all "CRF" foods that you believe are of good quality


ii.  emphasize that gradual changes are acceptable


iii.  flavor enhancers


iv  explain which foods are best if they need to cheat to get animal to eat enough


vi.  know something of the ingredients and nutrient profiles of special diets you recommend (more and more clients are reading pet food labels and they 	will ask for explanations)


d.  common complications


	i.  constipation, especially in cats


	ii.  multiple litter boxes for cats with PUPD


e.  miscellaneous


i.  mention options like feeding tubes, transplants, etc. in advance of when these decisions are going to need to be made


ii.  provide copies of lab work for interested clients


iii.  mark-ups for supplies; mail order supplies


iv.  even if you don’t practice it or recommend against it, know something about    alternative medicine





	"The Feline Chronic Renal Failure Information Center" 			http://www.best.com/~lynxpt/





B.  BUN (is it a surrogate for uremia toxins?)


1.  most CRF patients seem to do better if the BUN can be kept below 100 mg/dl, although this does vary some from patient to patient.  


2.  when the BUN is >100, more severe clinical signs of CRF including anorexia, vomiting, and uremic gastritis occur


3.  the observation that a lower BUN seems to correlate with a patient that feels good is one of the reasons for recommending protein-restricted diets


4.  BUN itself may not be a major uremic toxin, but there is a long-standing belief that metabolites of protein metabolism are uremic toxins


5.  achieving the best possible BUN:Creatinine ratio is a therapeutic goal


6.  a BUN:creat of 10 - 15 is good goal for patients on protein restricted diets, especially is the animal is on SQ fluids


7.  keep track of the patients BUN:creat over the course of therapy -- if it changes, it can signal a problem (dehydration, GI bleeding, loss of dietary compliance).


C.   K+


1.  cats with CRF have a tendency to develop hypokalemia


2.  try to keep K+ in middle of the lab normal range -- just being within the range is not the goal. 


3.  consider potassium citrate when acidosis is present in addition to hypokalemia. [for Polycitra-K, 1 ml = 2 mEq K+ = 2 mEq HCO3]  


4.  dose to effect starting about 1/4 ml BID per cat     


D.   calcium & phosphorus


1.  there is good evidence that prevention of hyperphosphatemia can retard the progression of CRF 


2.  hyperphosphatemia leads to hyperparathyroidism, which then leads directly to nephrocalcinosis  


3.  it is suggested that PTH increases calcium channels and intracellular calcium content;  this in turn is thought to promote nephrocalcinosis  


4.  calcitriol synthesis is decreased in CRF due to nephron loss (decreased 1a-hydroxylase enzyme systems)


5.  calcitriol synthesis is inhibited by increased phosphorous concentrations


6.  in CRF, especially when hyperphosphatemia is present, calcitriol levels are low and insufficient to stimulate sufficient intestinal calcium absorption; this leads to hypocalcemia, which further stimulates PTH production and tends to return calcium levels to normal -->  therefore, supplementation with calcitriol interrupt this cycle and control the renal secondary hyperparathryoidism  


7.  calcitriol therapy improves quality of life and can slow progression of CRF in cats and dogs  


E.  acidosis


1.  urine pH is an insensitive barometer or acidosis


2.  acidosis should be monitored with serum TCO2


a.  the test is subject to in vitro error because CO2 in blood will escape the sample into the air above, so know your lab


b.  many laboratory reference ranges for TCO2 are too broad and reflect in vitro variation at the time the ranges were determined


c.  although this will vary from lab to lab, I generally treat when TCO2 < 16 mEq/l. 


i.  oral NaHCO3 is probably the most commonly used alkalinizing agent  (I haven’t found it to be very palatable or very effective).  


ii.  parenteral use of NaHCO3 in fluids is an option but should be monitored carefully


iii.  I prefer to use oral potassium citrate unless the serum potassium is high or at the high end of the normal range


F.  anemia


1.  anemia, like anorexia, is best addressed initially diagnostically


2.  although the erythropoietin deficiency that accompanies CRF is the primary cause, good CRF management centers on eliminating contributory factors such as chronic GI bleeding, iron deficiency, oxidant stress,  malnutrition, anemia of chronic inflammatory disease, and probably 


3.  anabolic steroids are an option; I have not had much success with them


4.  when anemia is severe enough to negatively impact quality of life, erythropoietin therapy should be considered. 


a.  because of the problem with anti-EPO antibodies, therapy is delayed for most cats until the PCV in between 12 and 19 and for most dogs until PCV <25


b.  no commercial test for anti-EPO antibodies is available.


G.   uremic gastritis


1.  uremic gastritis is hard to detect and monitor; its existence is often inferred


2.  have a high index of suspicion when BUN is above 100 mg/dl


3.  consider the possibility of uremic gastritis whenever anorexia and/or vomiting are present


4.  look for increases in the BUN:Creatinine ratio or an anemia that is more severe than expected for the patient’s level of renal function  


5.  H2-blockers


a. they are immensely helpful but all have potential problems


i.  renal excretion & dosage adjustments for renal function unknown


I start with a low-end dose and multiply the usual dose interval by the creatinine [usually given BID so patient with creatinine of 4 gets treated EOD]; increase from there if needed, with caution


ii. cimetidine tastes bad and occasionally neurologic signs have been reported with its use in cats


H.  hydration & SQ fluids


1.  supplemental fluid therapy {usually SQ) is used to prevent dehydration as cats and dogs with CRF often fail to get enough fluid intake from food and water to keep up with needs if they’re unable to concentrate urine.  


2.  diuresis is a short-term concept  --  there’s a common misconception that ongoing SQ fluid therapy is used in CRF to promote diuresis but his shouldn’t be why supplemental fluids are given.  Diuresis is not, in any long-term sense, the poor person’s dialysis.  Diuresis improves renal parameters acutely because it augments GFR.  There’s good evidence and a theoretical basis that when this is done chronically it promotes progression of CRF.  Essentially, and artificially augmented GFR for the given degree of renal disease makes the kidney work harder, i.e. more energy expended reabsorbing Na+.  Diuresis also increases single-nephron GFR and promotes glomerular hyperfiltration, which promotes progression.  Short-term diuresis will lower uremic toxin levels in the blood and improve the patient’s clinical status during acute exacerbations of the disease.  Chronic SQ fluid therapy is aimed at eliminating subclinical, chronic dehydration.  


3.  how much fluids to give is a educated guess and trial and error process.  


a.  my typical plan is to use 100 mls of LRS per day for cats; really big cats might get 125 or rarely 150 cc.  Really small cats might get 75 mls per day


b.  about 100 ml/15 pounds in dogs SQ is generally a safe, forgiving route of fluid administration; but not always; it is possible to precipitate heart failure in cats with cardiac disease.


4.  what’s all the fuss over lactate metabolism and the use of LRS for SQ fluids? 


I’m not entirely sure......  from what I can put together, it appears that some critical care gurus (at CS) have shared some evidence of lactate accumulation in the critical care setting in patients given LRS.  This might be detrimental and promote acidosis.  For some reason, this caution against using LRS seems to have filtered out to a lot of other settings including renal failure.  I don’t know of any reason to at this time to switch from tried and true LRS to another buffer.  I haven’t seem any data that lactate levels accumulate excessively or that this has detrimental consequences in CRF.  I’m still looking for more information on this.


5.  hypernatremia is an uncommon consequence of chronic isotonic fluid administration, but serum sodium should be monitored for cats on chronic SQ fluid therapy


6.  I rarely use additives for SQ fluids.  It seems that some people treat renal acidosis by adding NaHCO3 to the fluids.  LRS and NaHCO3 are clearly incompatible at concentrations of HCO3 above 40 mEq/l.  Concentrations of 4 - 8 mEq/l appear to be fine.  I don’t know where between 8 and 40 the cut off exists nor how such things as temperature affect precipitation.  I have not treated acidosis in this way; however theoretically doses of 1/2 to 1 mEq/day might be sufficient to control renal acidosis when given parenterally.  Dextrose and potassium are likely to be irritating when given SQ.  I do this only rarely and very conservatively.


I.  anorexia


1.  resist the temptation to reach for medications


a.  appetite stimulants (cyproheptidine, diazepam, ovaban, and anabolic steroids) might work in selected patients


b.  the best approach to anorexia initially is diagnostic -- evaluate and address all the factors that contribute to anorexia in CRF before reaching for an appetite stimulant.


	Factors promoting anorexia in CRF:	


		•  uremic gastritis and associated nausea		•  dehydration


		•  drug-associated anorexia and nausea		•  anemia


		•  impaired taste and smell				•  hypokalemia


		•  hyperparathyroidism				•  acidosis


		•  food associated factors				•  stomatitis/dental dz


		    (palatability, food aversion, force feeding)		•  B vitamin deficiency





2.  give serious consideration to gastrostomy tubes for animals that are becoming or have become debilitated due to poor appetite; feeding is the best appetite stimulant known


J.  hypertension


1.  hypertension appears to be relatively common in both cats and dogs with CRF


2.  management is complicated by the difficulties in monitoring blood pressure; although Doppler units are relatively easy to use, it can often be difficult to assess the contribution of “white coat” syndrome


a.  pressure determinations may be more accurate in some patients if they are done in the exam rooms with the client as assistant


b.  consistency (cuff size, etc) is important and following trends is critical


c. most nephrologists institute therapy when systolic pressures are reproducibly over 160 mmHg  


3.  veterinary nephrologists haven’t settled on what antihypertensive agents should be used preferentially in various settings


a.  until recently, enalapril (CEI) was probably the preferred choice for glomerular disease and CRF


b.  enalapril appears to delay progression in humans


c.  recently, amlodipine is increasing in popularity for cats with CRF because it seems to have a greater effect in lowering blood pressure


i.  doses are small enough that compounding is required [0.1 mg/kg q 24hrs, although I often start lower and go up unles
