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Evidence-Based Medicine
In planning therapy for cats with chronic 
renal failure (CRF), recom m endations 
should ideally be based on results o f ran
domized, controlled clinical trials (RCCT), 
which docum ent the efficacy and safety of 
therapeutic recom m endations. U nfortun
ately, m any therapies recommended for cats 
with CRF have never been examined in an 
appropriate and systematic fashion in cats 
with spontaneous disease. Often, treatments 
are recommended on the basis o f less con
vincing evidence such as clinical experience, 
expert opinion, pathophysiologic rationale, 
or studies perform ed in other species or in 
cats with artificial disease. Evidence from the 
recalled experiences o f clinicians and other 
experts tend to overestimate the efficacy o f a 
therapy or other interventions for several 
reasons (Sackett, 1993). Clinicians are more 
likely to recognize and remem ber favorable 
outcomes when m anagement recom m enda
tions are followed and follow-up appoint
ments are kept. Because high compliance is a 
m arker for better outcomes, even when 
treatm ent is useless, uncontrolled clinical 
experiences may cause clinicians to conclude 
that compliant patients m ust have been 
receiving efficacious therapy. In addition, 
unusual or extreme patterns of clinical signs 
and/or laboratory test results will usually 
tend to return toward the more usual, nor
mal result (convergence toward the mean). 
As a result, any therapy initiated in the 
between-test period will appear more effica

cious than it really is. Nonetheless, the 
unusual or extreme findings and response to 
therapy tend to be well rem em bered. 
Spontaneous resolution o f self-limiting con
ditions may be erroneously interpreted as 
therapeutic effectiveness (e.g., use of antibi
otics in treatm ent o f hem aturia and dysuria 
in cats with idiopathic lower urinary tract 
disease). Routine clinical practice is never 
"blind," and both patients and owners know 
when active treatm ent is being received. 
Again, the desire o f pet owners and clini
cians for success, and the placebo effect, can 
cause both  parties to overestimate efficacy.

Evidence o f clinical relevance is o f 
im portance when exam ining evidence that 
either supports or refutes a therapeutic 
claim. Treatments are indicated when they 
provide im p o rtan t clinical benefits. 
Unfortunately, studies often focus on o u t
comes that may or may not have any clini
cal relevance to pets and their owners. For 
example, a study linking calcitriol therapy 
to correcting hyperparathyroidism  does 
no t necessarily provide sufficient reason 
for recom m ending  such therapy.
Parathyroid horm one (PTH) activities, or 
o ther physiologic or laboratory m easure
m ents, are often used as "substitute end 
points" in studies because they are m ore 
easily obtained. Such results only provide a 
pathophysiologic rationale for applying 
the treatm ent to patients. It is o f prim ary 
im portance to provide evidence that the 
treatm ent influences outcom es that are
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im portan t to pets and their owners, 
such as increased activity or appetite, 
decreased vomiting, decreased inci
dence o f uremic crises, or prolonged 
good-quality life span.

Because o f the very nature o f cats, 
over-treatm ent can be just as deleteri
ous as under-treatm ent in sustaining 
an acceptable quality o f life for our 
patients. Clinicians deciding which 
trea tm en ts to  recom m end should  
consider the quality o f data support
ing a recom m endation to use (or not 
use) a given form  o f therapy in p rio r
itizing therapeutic recom m endations. 
W henever possible, recom m enda
tions should be based on results of
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rigorous, controlled scientific studies. 
O f course, not all recom m endations 
can or will be based on such studies. 
Nonetheless, it is im portan t to recog
nize the inherent lim itations o f rec
om m endations based on less secure 
form s o f evidence. O ne suggested 
m ethod o f accom m odating concerns 
regarding these lim itations is to assign 
a score defining the strength  and 
quality  o f the recom m endation . 
Grade "I" evidence, the highest quali
ty evidence, is that obtained from at 
least one properly random ized con
trolled clinical trial. Grade "II" evi
dence m ay be data obtained: 1) from 
at least one well-designed clinical trial 
w ith o u t random ization , 2) from  
co h o rt o r case-controlled  analytic 
studies, 3) from  studies utilizing 
acceptable laboratory models or sim 
ulations in the target species, prefer
ably from  m ore than  one center, 4) 
from  m ultiple tim e series, or 5) from 
dram atic  results in uncon tro lled  
experim ents. Grade "III" evidence, the 
weakest form  o f evidence, is that 
from : 1) op in ions o f respected
authorities on the basis o f clinical 
experience, 2) descriptive studies, 3) 
studies in o ther species, 4) pathophys
iologic justification, or 5) reports of 
expert com m ittees (M cGowan, 1992). 
This scoring system recognizes that 
the quality o f the evidence supporting 
a recom m endation is an im portant 
consideration when m aking th era
peutic decisions.

Diet Therapy
Renal diets are am ong the m ost com 
monly prescribed therapies for cats 
with CRF (Polzin et al, 2000). However, 
cats are notoriously picky about their 
food. Clinicians are often challenged by 
the decision as to whether to recom
m end switching to a renal diet or to 
continue allowing the cat to consume 
the current diet with the view that eat
ing any food is better than risking 
reduced food intake by attem pting a 
potentially unwanted diet change. One 
recently published clinical trial has p ro

vided support for making the change to 
pro tein /phosphorus restricted renal 
diets in managing cats with CRF. While 
this study was neither blinded nor ran
domized, a striking enhancem ent of 
survival time was associated with feed
ing a renal diet compared to not m ak
ing the dietary change (Elliot et al,
2000). The control group in this study 
was composed of cats that refused to 
eat the renal diet. The principal criti
cism of this study would be that cats 
electing not to consume the renal diet 
m ight have an intrinsically worse prog
nosis unrelated to the diet fed. 
However, the size of the difference in 
outcome (median survival time was 
increased nearly 2.5 times when the 
renal diet was fed) suggests that the 
clinical benefit o f feeding the renal diet 
was likely real. Ideally, results o f this 
study should be confirmed by a ran
dom ized controlled clinical trial to 
ru le-out any bias in this study. 
Importantly, significant adverse effects 
o f feeding the renal diet were not 
detected in these studies. Seemingly, the 
greatest problem with advocating renal 
diets for cats with CRF has been accept
ance of the diets by cats. In most 
instances this can be overcome by 
introducing the diet slowly over one or 
more weeks. (Evidence grade II)

Phosphate Binding Agents
Phosphorus is retained in CRF even
tually  resulting  in h yperphospha
temia, which, in tu rn , prom otes renal 
secondary hyperparathyro id ism . 
H yperphosphatem ia has been report
ed to  be a reliable clinical index o f 
hyperpara thyro id ism  in cats w ith 
CRF (Barber and Elliot, 2000; Barber 
et al, 1999). Hyperphosphatem ia has 
been detected in approxim ately 60 
percent o f cats with CRF, with the 
prevalence increasing as renal func
tion  declines (B arber et al, 1999; 
DiBartola et al, 1987). In one study, 
the prevalence o f renal secondary 
hyperpara thy ro id ism  in cats w ith 
CRF was reported to be 84 percent 
(Barber et al, 1999). In this study of
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cats w ith end-stage CRF, 87 percent of 
cats w ith some clinical signs o f CRF, 
and 47 percent o f clinically norm al 
cats w ith only biochemical evidence 
o f CRF were diagnosed as having 
renal secondary hyperpara thy 
roidism . H yperparathyro id ism  was 
even detected in nine cats with CRF 
having norm al serum  calcium and 
phosphorus concentrations.

In m any cats, diet therapy alone 
appears to normalize hyperparathy
roidism (Barber et al, 1999). Phosphate 
binding agents may be useful in fur
ther reducing phosphate retention and 
hyperparathyroidism in the remaining 
cats, but the efficacy o f such therapy 
has yet to be established in cats. 
Clinical reports and clinical im pres
sion suggest that phosphate-binding 
agents are useful in reducing serum 
phosphate concentrations, bu t some 
cats may poorly tolerate these agents.

There appears to be a consensus of 
opinion that phosphate retention and 
hyperparathyroidism  is a m ajor cause 
for progression in CRF in m any 
species. There is no conclusive data 
confirm ing this association in cats. In 
dogs, dietary phosphate restriction, 
when com bined with protein restric
tion, has been shown to im prove sur
vival (Brown et al, 1991). In hum ans 
w ith  CRF receiving hem odialysis 
therapy, the adjusted relative risk of 
m ortality was stable in patients with 
serum  phosphate concen tra tions 
below 6.5 mg/dl (Block et al, 1998). 
However, the relative risk o f m ortality 
increased as serum  phosphorus 
increased. Patients w ith serum  phos
phate in the 6.6 to 7.8 m g/dl range 
had 13 percent higher m ortality  than 
patients in the reference range (4.6 to
5.5 m g/dl); patients in the 7.9 to 16.9 
m g/dl range had a relative m ortality  
risk 34 percent higher than  patients in 
the reference range. M ild hyperphos
phatem ia (5.0 to 6.5 m g/dl) was no t 
associated with an elevated m ortality 
risk. The overall m ortality risk associ
ated w ith hyperphosphatem ia was

1.06 per 1 m g/dl higher serum  phos
phorus concentration. M echanism s 
responsible for th is effect rem ain  
unresolved. (Evidence grade III)

Calcitriol Therapy
The kidneys are responsible for con
verting 25-hydroxycholecalciferol to 
its m ost active m etabolite, 1,25-dihy- 
droxycholecalciferol, o r calcitriol. 
Calcitriol is the m ajor renal horm one 
responsible for calcium m etabolism . 
Am ong its im p o rtan t functions is 
m odulation o f parathyroid horm one 
activity at the transcriptional level. 
Because CRF may im pair production 
o f calcitriol, calcitriol deficiency may 
be one factor prom oting renal sec
ondary  hyperparathyroidism . Calcit
riol supplem entation has been advo
cated as a m eans o f  norm alizing  
hyperparathyroidism . PTH has been 
proposed to act as a "uremic toxin." 
Thus, supplem enting calcitriol may 
am eliorate a variety o f supposed toxic 
effects o f PTH in CRF. Nagode and 
colleagues have reported  tha t cats 
receiving calcitriol therapy: 1) are 
b rig h ter and  m ore alert, 2) have 
im proved appetites, 3) are m ore phys
ically active, and  4) live longer 
(Nagode and Podell, 1996). These 
findings were based on an uncon
trolled survey o f veterinarians who 
used calcitriol in their practice. 
U nfortunately, uncontrolled  studies 
have a notoriously high rate o f false 
positive findings. A random ized, con
trolled clinical trial will be necessary 
to validate recom m endation o f this 
therapy for cats w ith CRF. The safety 
o f w ide-spread use o f calcitriol has 
been questioned because o f the risk of 
inducing  hypercalcem ia and  renal 
injury. (Evidence grade III)

Anti-Hypertensive Therapy
H ypertension  has becom e a well- 
recognized com plication o f CRF in 
both  cats and dogs. The m ost p ro 
found clinical effect o f  hypertension 
in cats seems to be hypertensive 
retinopathy with retinal detachm ent,

hem orrhage and blindness. Cats with 
such severe ocular m anifestations 
reflect only a tiny percentage o f cats 
w ith CRF and hypertension. Clinical 
studies perform ed at the University o f 
M inneso ta V eterinary Teaching 
Hospital indicate that hypertension is 
a risk factor for shortened survival 
tim es in dogs w ith  natu ra lly  
occurring CRF. Similar data has no t 
yet been reported in cats. W hile it is 
clear that cats with hypertension and 
hypertensive re tinopa thy  likely 
benefit from  intervention with an ti
hypertensive drug therapy, justifica
tion  for therapy  in cats w ithou t 
re tinopathy  is largely extrapolated  
from  observations in hum ans and 
experim ental studies in animals. The 
po ten tial benefits o f  in terven tion  
m ight include prolonging survival in 
cats w ith CRF and reducing the inci
dence o f hypertensive re tinopathy  
and hypertensive encephalopathy.

Am lodipine currently appears to be 
the d rug  o f choice for m anaging 
hypertension  in  cats. It has been 
shown to be effective in at least one 
clinical trial in lowering blood pres
sure (Snyder, 1998). The usual dose is
0.625 m g/cat for cats less than  5 kg, 
and 1.25 m g/cat for cats over 5 kg. In 
contrast to am lodipine, angiotensin 
converting enzyme inhibitors (ACE- 
inhibitors) and beta-blocking drugs 
have no t appeared to be as effective in 
low ering b lood  pressures in cats. 
However, the indications for and ben
efits of therapeutic intervention for 
hypertension in cats remain to be elu
cidated. Proving that a drug reduces 
blood pressure is not the same as 
dem onstrating a clinical benefit to 
therapy. (Evidence grade III)

ACE-Inhibitor Therapy
ACE-inhibitors appear to be o f value in 
limiting progression of CRF in various 
form s o f hum an renal diseases 
(Kshirsagar, 2000). A significant clinical 
benefit may only accrue in proteinuric 
patients. O ne A CE-inhibitor has 
already been licensed for use in manag-
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ing CRF in cats in several countries. 
Preliminary reports suggest that among 
cats w ith proteinuria, benazepril 
reduces proteinuria, enhances survival, 
and im proves quality o f life and 
appetite. However, data indicating that 
ACE therapy influences progression of 
CRF or clinical outcomes o f cats with 
CRF w ithout proteinuria have yet to be 
published. In a recent study examining 
the physiological effects o f ACE- 
inhibitors in cats with induced renal 
disease, systemic arterial and glom eru
lar capillary pressures were shown to be 
reduced by such therapy (Brown et al,
2001). However, the m agnitude of 
reduction in systemic blood pressure 
was small, and a beneficial effect in 
reducing proteinuria was not evident. 
The study failed to detect any evidence 
that administering the ACE-inhibitor 
resulted in structural or functional 
renal protection. (Evidence grade III)

Potassium Supplem entation
Although current feline renal diets are 
generally potassium  supplem ented,

hypokalemia still occurs in a subset of 
cats with CRF. It is generally accepted 
that potassium supplementation is war
ranted in CRF cats with hypokalemia; 
although data supporting the clinical 
benefits o f this recommendation are 
limited to clinical reports. However, in 
addition it has been suggested that all 
cats with CRF should be supplemented 
with potassium  to limit total body 
potassium depletion and prevent devel
opm ent of hypokalemia and progres
sive renal injury (Dow and Fettman, 
1992). Although the potential benefit of 
potassium supplementation has been 
examined, the clinical benefits o f such 
therapy remain to be proven (Theisen 
et al, 1997). (Evidence grade III)

Erythropoietin Therapy
A dm inistration o f hum an recom bi
nant erythropoietin has been shown to 
be effective in correcting anemia of 
CRF in cats (Cowgill et al, 1998). 
Uncontrolled clinical trials have also 
indicated a substantial improvement 
in appetite and quality of life associat
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T h e  C R I T I C A L  K i d n e y
David J. Polzin, DVM, PhD, Diplomate ACVIM 

University o f  M innesota, College o f V eterinary M edicine

KEY CONCEPTS
I. Once acute primary renal failure has devel

oped, a primary goal of therapy is to allow the 
patient to survive long enough for restoration of 
adequate renal function.

II. Short-term causes of death in patients with 
acute renal failure include volume depletion, 
hyperkalemia, severe metabolic acidosis, and 
the disease process(es) responsible for caus
ing acute renal failure; infection, uremic compli
cations, and euthanasia are common causes of 
death later in the course of acute renal failure.

III.Therapy should be directed toward: a) limiting 
the complications of acute renal failure likely to 
promote early death of the patient, and b) pre
venting additional renal injury.

IV. Survival of patients with acute renal failure will be 
enhanced by: a) meticulous patient monitoring 
combined with judicious therapeutic intervention, 
b) avoiding iatrogenic complications, and c) allow
ing adequate time for survival among patients 
recognized as likely to survive.

Introduction
Acute renal failure may result from 
m any causes (e.g., acute pyelonephri
tis, acute g lom erulonephritis, or 
hypercalcem ic nephropathy), b u t 
m ost com m only results from  ischemic 
and/or toxic renal insults. The term  
acute tubular necrosis (ATN) is used 
to describe the syndrom e in which 
abrupt and sustained reductions in 
glom erular filtration rate (GFR) result 
from  ischemic or nephrotoxic injury. 
Reduced GFR is though t to  result 
from a com bination o f vascular (renal 
vasoconstriction  and reduced glo
m eru lar u ltrafiltra tion  coefficient) 
and tubular (renal tubular obstruction 
and back-leak of glom erular filtrate) 
effects, and cannot be immediately 
reversed by elim inating the initiating 
disturbance (e.g., renal ischemia due 
to hypovolemia).

Correcting Short-term  Causes 
of Patient Death 
FLUID T herapy. Volume depletion is a 
consistent finding in patients with ure
mic crisis. Some patients appear to be 
norm ally hydrated but have historical 
findings consistent with fluid losses. It 
is practical to assume these patients are 
subclinically dehydrated; carefully 
adm inister fluids to them  at the rate of 
one to three percent of body weight on 
the premise that m ild overhydration is

less likely to be harm ful than unrecog
nized volume depletion. Even mild 
volume depletion may prom ote renal 
injury in patients predisposed to acute 
renal failure.

The rate at which volum e depletion 
should  be corrected  depends on 
whether the patient has known car
diac dysfunction, dem onstrates intol
erance to  fluid adm in istra tion , or 
becomes overhydrated (e.g., dyspnea, 
elevated neck veins, rales, S3 gallop 
rhythm , pulm onary edema). A sub
stan tial p o rtio n  o f the  estim ated 
replacem ent fluid (usually 1/3 to 1/2) 
should be supplied over the initial two 
to six hours, depending on the severi
ty o f volum e depletion. A dm inistra
tion o f fluid at this rate will help to 
rapidly restore adequate renal perfu
sion. In addition, in patients with 
physiologic oliguria, u rine volum e 
will increase. Careful m onitoring of 
the patient's response to fluid therapy 
is essential! If fluid overload occurs, 
the ra te o f  fluid adm in istra tion  
should be reduced o r tem porarily dis
con tinued . M onito ring  o f central 
venous pressure may be necessary for 
patients w ith cardiac dysfunction or 
intolerance to fluid therapy.

A favorable clinical response and 
norm alization o f blood pressure usu

ally indicate successful resto ration  
o f norm al hydration. The goal o f sub
sequent fluid therapy is to m aintain 
fluid balance and  prevent hy p o 
volem ia. Because even subclinical 
volume depletion may prom ote addi
tional azotemia and renal damage, it 
may be desirable to m aintain m ild 
overhydration over the subsequent six 
to 12 hours in nonoliguric patients 
that have norm al cardiopulm onary 
function. However, overt overhydra
tion m ust be avoided in patients w ith 
persistent pathologic oliguria.

Some patients have hypertension 
even during urem ic crises. A dm in
istration of sodium-containing fluid to 
these patients will elevate blood pres
sure, sometimes to a critical level. It 
may be necessary to balance the vol
um e needs with the need to minimize 
excessive elevations in blood pressure. 
This may be done by using solutions 
lower in sodium content (half-strength 
saline; dextrose five percent in water).

Patients m ay be predisposed to 
dehydration during m aintenance and 
recovery phases of acute renal failure 
because involuntary urine losses are 
often great. In order to  prevent dehy
dration, the volume o f parenteral flu
ids adm inistered and oral fluids 
consumed should equal the sum of: 1)
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urine volume, 2) contem porary fluid 
losses (e.g., fluid lost via vomiting, 
diarrhea), and 3) insensible fluid losses 
(20 to  25 m l/kg/day). Because 
estim ation o f contem porary  and 
insensible fluid losses may be inaccu
rate, serial determ inations o f body 
weight are com m only used to guide 
fluid therapy.

C orrecting  H yperkalemia , in  
absence o f serious cardiotoxicity, mild 
to moderate hyperkalemia usually does 
n o t require specific treatm ent. 
However, hyperkalemia associated with 
serious cardiac arrhythmias is a poten
tially life-threatening condition requir
ing im m ediate therapy. Transient 
correction o f hyperkalemic cardiotoxi
city can be achieved by intravenous 
adm inistration of calcium gluconate 
(10 percent solution; approximately 0.5 
to 1.0 ml/kg body weight). The solution 
should be administered slowly over 10 
to 20 minutes with electrocardiograph
ic monitoring. The effect of such thera
py usually lasts only 15 to 20 minutes. 
O ther treatments which may be used in 
cardiotoxic emergencies are in tra 
venous adm inistration o f glucose (with 
or w ithout insulin) or sodium bicar
bonate to attem pt to redistribute potas
sium intracellularly. Typically, glucose 
is administered at a dose o f 0.5 to 1.0 
gm/kg body weight. D uration o f effect 
is limited to several hours. Sodium 
bicarbonate may be administered at a 
dose o f 0.5 to 1.0 mEq/kg body weight, 
or at a dose calculated from the base 
deficit o f the patient. In one recent 
study o f the effect o f this treatm ent on 
lowering potassium in hum ans with 
hyperkalemia due to acute renal failure, 
bicarbonate therapy appeared to be of 
limited benefit.

Correcting M etabolic A cidosis. 
Because metabolic acidosis typically 
has little im m ediate adverse effect 
unless blood pH  is below 7.20 (blood 
bicarbonate or total CO2 concentra
tions less than 10 mEq/1), alkalinization 
therapy should be considered for 
patients with blood pH  values less than 
- 6 -

7.20. Immediate correction o f m etabol
ic acidosis is usually unnecessary when 
blood pH  values exceed 7.20. Mild to 
m oderate m etabolic acidosis often 
improves following fluid therapy alone.

M etabolic acidosis is usually trea t
ed by ad m in is tra tio n  o f sodium  
bicarbonate. The goal o f alkaliniza
tion therapy is no t to norm alize acid- 
base balance, bu t rather to increase 
blood pH  values to about 7.20, a level 
likely to prevent adverse cardiac 
effects o f  acidosis.

Improving Prognosis by 
Conversion of Oliguria to 
Nonoliguria?
If oliguria persists despite correction 
o f fluid deficits, therapy designed to 
increase urine volum e is indicated 
because clinical m anagem ent o f 
n ono liguric  patien ts is easier and 
their prognosis appears to be better. 
Use o f diuretics or vasodilators in 
nonoliguric patients is generally dis
couraged because they are rarely 
needed and therefore unnecessarily 
expose the patient to risk o f fluid and 
electrolyte depletion, additional renal 
injury, or adverse drug reactions.

A therapeutic trial w ith diuretics is 
indicated for m ost patients w ith olig
uric renal failure. Furosem ide and 
m annito l are the diuretics m ost com 
m only used. Patients th a t fail to 
respond to one o f these diuretics may 
respond to the o ther or a com bination 
o f both. Alternatively, diuretics may 
be used in com bination w ith vaso
dilators such as dopam ine.

Furosem ide has been the m ost 
com m only used diuretic in canine 
and feline patients w ith oliguric renal 
failure because it is relatively safe, 
readily available, and familiar to m ost 
veterinarians. Initially it should be 
adm inistered intravenously at a dose 
o f 2 m g/kg body weight. If  no 
substantial diuresis develops w ithin 
one hour after adm inistration, the 
dose may be doubled (4 mg/kg). If 
this dose also fails to induce diuresis,

the dose may be further increased 
to  6 mg/kg body weight. If diuresis 
still does no t ensue, very large doses 
o f furosemide, an alternative diuretic 
(e.g., m annitol), or the com bination 
o f furosem ide and  dopam ine may 
be considered.

If furosemide successfully induces 
diuresis, it may be repeated at eight- 
hour intervals as needed to sustain 
diuresis and prom ote potassium excre
tion. However, the need for continued 
furosemide therapy m ust be considered 
in light o f its potential adverse effects. It 
has been suggested that furosemide 
should not be used in patients with sus
pected gentamicin-induced acute renal 
failure because it may prom ote am ino
glycoside nephrotoxicity.

M annitol has at least three theoreti
cal advantages over furosemide: 1) it 
may enhance renal function by m ini
mizing renal tubular cell swelling via 
its osmotic properties, 2) m annitol 
exerts its diuretic effects along the 
entire nephron, and therefore, may 
directly affect the proximal tubule, 
and  3) m annito l m ay expand the 
extracellular fluid volume. The m ajor 
disadvantage of m annitol is the poten
tial for vascular overload if oliguria 
persists. Therefore, m annitol should 
be avoided in overhydrated oliguric 
patients. M annitol (20 or 25 percent 
solution) is adm inistered intravenous
ly over five to ten minutes at a dose of
0.25 to 0.5 g/kg body weight. If sub
stantial diuresis ensues, adm inistra
tion o f m annitol can be repeated every 
four to six hours, or adm inistered as a 
m aintenance infusion (eight to 10 per
cent solution) during the initial 12 to 
24 hours o f treatm ent.

Dopam ine is often recom m ended 
for dogs with oliguria unresponsive 
to  osm otic an d /o r loop diuretics. 
However, cats lack dopam ine-specific 
receptor activity in their kidneys, so 
use o f dopam ine in cats is illogical.

Like diuretics and dopam ine, calci
um  channel blocking agents have 
been used prim arily to attenuate the



severity o f ATN through adm inistra
tion before the renal injury. W hen 
adm inistered after renal injury, some 
reports  indicate renal p ro tec tion , 
while others do not. Calcium channel 
blockers are therapeutically appealing 
because they  may: 1) increase
glom erular filtration rate (by increas
ing intraglom erular perfusion pres
sure and  reversing the decline in 
u ltrafiltra tion  coefficient), 2) p ro 
m ote solute diuresis, and 3) have a cell 
cytoprotective effect by lim iting cellu
lar overload w ith calcium. Their use 
in cats w ith ATN has no t been ade
quately evaluated.

Limiting Clinical Signs of 
Uremia and Infection
UREMIC SIGNS. Clinical manifestations 
o f uremia are ameliorated by a com bi
nation o f dietary protein restriction 
and pharmacologic control o f uremic 
gastritis and vomiting. Adult cats have 
a higher daily protein requirem ent 
than dogs, and therefore should receive 
approximately 20 percent o f their diet 
calories as protein. Protein restriction 
minimizes production o f nitrogenous 
waste products that may be responsible 
for m any clinical signs o f uremia. In 
addition, protein restriction may have 
a protective effect against additional 
ischemic or nephrotoxic renal injury.

Famotidine (Pepcid AC; Merck) is 
indicated to ameliorate uremic hem or
rhagic gastritis because it blocks 
gastrin-stimulated gastric hyperacidi
ty. For cats in uremic crises, famotidine 
is given intravenously at an initial dose 
o f 0.5 mg/kg body weight. Thereafter it

is given intravenously at 0.25 mg/kg 
body weight every 12 hours. 
M etoclopramide (Reglan, Robins) may 
also be used as an antiemetic in renal 
failure patients. Dosage is 0.1 to 0.5 
mg/kg IM, SQ or PO. M etoclopramide 
and famotidine are both excreted, in 
part, via the kidneys.

INFECTIONS. Urinary and vascular 
catheters are likely sites for introduc
tion of infection. Therefore, urinary 
catheters should be used only when 
necessary, and serial urine cultures 
should be perform ed to detect urinary 
tract infection (UTI) as early as possi
ble. Intravenous catheters should be 
placed using aseptic technics and m on
itored frequently for signs o f inflam 
m ation  or infection. T reatm ent o f 
infections should be based on results 
o f microbe susceptibility testing. In 
addition, success of treatm ent should 
be confirmed by perform ing urine or 
other appropriate cultures during and 
after treatment.

Continuing Therapy, 
Prognosis, and When to 
Consider Dialysis
The prim ary goals o f continuing ther
apy are to m aintain fluid, electrolyte, 
and acid-base balance, lim it clinical 
signs o f  uremia, and prevent addition
al renal injury. Fluid balance should be 
m onitored by m easuring daily fluid 
intakes and outputs and body weights 
and adjusting fluid intake to m aintain 
fluid balance. Serum electrolytes and 
acid-base balance should be assessed 
every few days or m ore often as neces
sitated. Electrolyte balance m ay be

Diagnostic Database for Acute Uremic Crisis
Medical history Serum sodium Abdominal radiographs
Physical examination Serum potassium Urinary ultrasound (±)
Routine urinalysis Serum chloride Arterial blood pressure
Urine culture Serum bicarbonate (tCC^) Fundic examination
Complete blood count Serum calcium Screen for toxins (±)
Serum creatinine Serum phosphate Renal biopsy (±)
Serum urea nitrogen Freeze serum/urine samples
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adjusted by altering electrolyte or base 
intakes.

Parenteral or oral hyperalim enta
tion may be considered to improve 
renal tubular epithelial regeneration 
and to m aintain nutritional balance. 
Most patients will tolerate at least lim 
ited oral therapy after the initial period 
o f acute therapy. Nasogastric tubes are 
preferable to force-feeding. Parenteral 
therapy should probably be reserved 
for patients in which long-term  sup
port may be needed, bu t oral therapy is 
no t tolerated.

Prognosis is determ ined in large 
part by response to therapy. 
Nonoliguria, eukalemia or m inim al 
hyperkalemia, m inim al acid-base dis
turbances, and reasonably well con
trolled clinical signs o f urem ia are 
favorable prognostic findings which 
should p rom pt continued  therapy. 
Severe hyperkalemia, severe metabolic 
acidosis, or intractable clinical signs of 
urem ia suggest that the short-term  
prognosis is poor and peritoneal dialy
sis should be considered. V
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protein nu trition , 2) may prom ote 
progression o f renal failure, and 3) can 
induce clinical signs similar to uremia. 
However, unpublished data from our 
laboratory indicate that acidosis of the 
m agnitude likely to accrue from feed
ing a typical commercial acidifying diet 
does not appear to prom ote progres
sive renal injury or impair nutrition. 
Nonetheless, acidosis does appear to 
impose an unnecessary metabolic risk 
that can easily be corrected in cats by 
adm inistration of potassium citrate or 
sodium bicarbonate when acidosis is 
appropriately confirm ed. (Evidence 
grade: III)

Using These Results
It is inappropriate to assume that a 
therapy that has an evidence grade o f 
II or III is no t w orth pursuing. The 
m ost rational approach to using these 
guidelines is prioritizing use o f trea t
m ents scored grade I. Grade II thera-

Continued from page 4

Clinical Trial Enrollees Sought for Cancer Study
A study is being done at Cornell University Hospital for Animals 
to investigate the role of oral docetaxel in cats with cancer. It 
is being conducted by the Oncology Service and funding has 
been provided by the Cornell Feline Health Center. Cats with 
any type o f cancer are eligible for inclusion in the study. The 
goal is to determine the appropriate dose of docetaxel in cats.
Docetaxel is one of the drugs included in a group of drugs that 
represent the most active new class of anticancer drugs devel
oped in the last 10 years. Docetaxel is being widely used in the treatment of human 
tumors, primarily epithelial tumors, and is also being investigated in canine cancer 
patients. The drug causes hypersensitivity reactions when administered intra
venously and this study is examining the administration of docetaxel orally to avoid 
this complication. The potential to add a new chemotherapeutic agent that can be 
administered orally and has efficacy in the treatment of feline cancer would be a 
welcome addition to the relatively limited spectrum of chemotherapeutic agents cur
rently available for use in cats. To request a referral, please call the Veterinary 
Referral line at (607) 253-3003 or fax your request to (607) 253-3055.

pies and grade III therapies m ay also 
be used as indicated given the overall 
clinical picture. Particularly in cats, 
overzealous recom m endations for

therapies may result in the cat and the 
owner becoming disenchanted with 
therapy -with potentially disastrous 
results for the cat. V
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