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Standard therapy forms the basic foundation for care of dogs with glomerular disease, as it is herein recommended for

use in all affected animals regardless of causation of the disease. Consensus recommendations target the evaluation and

management of proteinuria, inhibition of the renin-angiotensin-aldosterone system, modification in dietary intake with spe-

cial consideration for those nutrients with renal effects, diagnosis and treatment of systemic hypertension, and evaluation

and management of body fluid volume status in dogs with glomerular disease.
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The goal of the present report was to provide
consensus recommendations for the management

of canine glomerular disease, regardless of the inciting
cause. As such, these recommendations should be
viewed as forming the basis of standard, or routine,
care of dogs with glomerular disease.

Canine glomerular disease is here considered to be
primary if the process that initiates renal injury
originates in the glomerulus. In most renal diseases,
regardless of the site of the initiating renal injury, there
are pathologic changes that occur in glomeruli after
injury in other compartments (eg, tubulointerstitial dis-
ease or generalized loss of nephrons), and these changes
are termed secondary glomerular disease. The recom-
mendations outlined below apply to canine glomerular
diseases in general, both primary and secondary.

In the management of dogs with glomerular disease,
some recommendations are standard therapeutic
considerations for all dogs with glomerular disease,
regardless of the cause or severity. Although the
present recommendations are considered a standard
part of treatment in all canine glomerular diseases,
their institution in a patient requires considerable
prudence on the part of the veterinarian and individu-
alized therapeutic plans, with adjustments based on
severity of the glomerular disease and other patient

factors. The severity of a glomerular disease is usually
reflected in the magnitude of proteinuria,1 assessed as
the urine protein-to-creatinine ratio (UPC), especially
early in the disease process.

Recommendation 1:
For the purposes of standard therapy recommenda-
tions, the magnitude of proteinuria, as assessed by
serial measurement of the UPC, should be used to
make decisions about therapeutic intervention in
dogs with glomerular disease.

100% of voting consensus members agreed with Rec-
ommendation 1 and 70% of these voters expressed
“strong agreement.”

There is evidence in spontaneous renal disease that
dogs, including those with primary glomerular disease,
exhibit more adverse outcomes if the UPC exceeds 2.02

and in an experimental model of secondary glomerular
disease3 that intervention, which reduces the
UPC below 0.5, improves renal structural outcomes.
These data provided support for the following
recommendation.

Recommendation 2:
Intervention with standard therapies should be
considered whenever renal proteinuria is causing
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the UPC to persistently exceed 0.5 in a dog with
glomerular disease, whether the glomerular injury is
primary or secondary. In general, a reduction in
the UPC to <0.5 (or a reduction in the UPC of
50% or more) should be considered as evidence of
therapeutic success.

89% of voting consensus members agreed with Rec-
ommendation 2 and 50% of these voters expressed
“strong agreement.”

Inhibition of the Renin-Angiotensin-Aldosterone
System (RAAS)

Because hemodynamic forces influence the trans-
glomerular movement of proteins, it follows that alter-
ing renal hemodynamics would be effective in reducing
proteinuria. The RAAS has been the major target sys-
tem for this approach to reducing proteinuria (Fig 1).
Agents that target RAAS include an angiotensin-con-
verting enzyme inhibitor (ACEi; eg, enalapril, benazep-
ril), angiotensin-receptor blocker (ARB; eg, losartan,
telmisartan), and aldosterone-receptor blocker (eg,
spironolactone). Although renin inhibitors (eg, aliski-
rine) are being used in people, they have not been used
to any great extent in dogs. The mechanisms of agents
interfering with the RAAS have not been fully eluci-
dated, but it appears that they reduce proteinuria
greater than would be expected on the basis of their
antihypertensive effects alone.

Angiotensin-Converting Enzyme Inhibitors
(ACEis)

An ACEi may, in part, reduce proteinuria and pre-
serve renal function by decreasing efferent glomerular
arteriolar resistance leading to decreased (normalized)
glomerular transcapillary hydraulic pressure.3,4 In
addition, proposed mechanisms for RAAS inhibitors
to reduce proteinuria include reduced loss of glomeru-
lar heparan sulfate, decreased size of the glomerular
capillary endothelial pores, improved lipoprotein
metabolism, slowed glomerular mesangial growth and
proliferation, and inhibition of bradykinin degrada-

tion.5 Enalapril significantly reduced proteinuria and
delayed the onset or the progression of azotemia in
dogs with glomerulonephritis.6 In large part because of
their established effects,3,6 interference with the RAAS,
particularly with ACEi, is considered part of standard
care of dogs with glomerular disease.

Typically, an ACEi is given once daily initially, but
more than half of the dogs will eventually need twice-
daily administration and perhaps additional dosage
escalations (Table 1).6 Further dosage escalations may
be required as described below. Although the serum
creatinine concentration should be monitored, it seems
to be uncommon for dogs to have severe worsening of
azotemia (ie, >30% increase from baseline) attributable
to ACEi administration alone. Dogs that are dehy-
drated may be at highest risk for worsening of azote-
mia after initiating ACEi therapy. In people, the
renoprotective effects of ACEi are independent of the
baseline renal function and ACEi slowed progressive
disease even in patients with severe renal failure.7

However, although ACEi administration is appropri-
ate, caution is warranted when administering an ACEi
to a dog in International Renal Interest Society (IRIS)
Chronic Kidney Disease (CKD) stage 4.

Benazepril and its active metabolite, benazeprilat,
are largely eliminated by the biliary route with a smal-
ler fraction being excreted in the urine. The clearance
is not affected in dogs with impaired renal function.8

On the other hand, enalapril and its active metabolite,
enalaprilat, are primarily eliminated by the kidney.
Thus, dogs in late IRIS CKD stage 3 or stage 4 may
achieve a similar antiproteinuric effect with a lower
dosage of enalapril. However, the pharmacokinetics of
ACEi is complicated and the effects of disease on the
pharmacodynamics of these drugs are not necessarily
predictable. Although interdrug differences are known,
there are currently no published studies in dogs with
glomerular disease to support the recommendation
that one ACEi as superior in its pharmacodynamic
action to another.

Angiotensin-Receptor Blockers (ARBs)

The ARBs in clinical use block the angiotensin II
type 1 receptor. Several ARBs have been studied
extensively in people with glomerular disease (eg, lo-
sartan, irbesartan, telmisartan) and lead to a reduction
in proteinuria similar to that which is seen with ACEi.
There are limited data on the use of ARBs in dogs
with glomerular disease and it is anticipated that the
addition of information to the literature could alter
our selection or method of use of these agents. The
ARB that seems to be used most commonly in dogs is
losartan. Even though dogs do not appear to produce
one of the major active metabolites of losartan, there
is good evidence that losartan exerts pharmacody-
namic effects in dogs.9 Furthermore, there is anecdotal
evidence that losartan has an antiproteinuric effect in
dogs, particularly in combination with ACEi.

In human patients, losartan resulted in an average
reduction in proteinuria of 35% from baseline during a

Fig 1. The renin-angiotensin-aldosterone system and approaches

to its inhibition.
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3.4-year follow-up period; much of this reduction was in
the first 6 months of treatment.10,11 In irbesartan-trea-
ted patients, every 50% reduction in proteinuria during
the first 12 months of treatment reduced the risk of a
negative renal outcome by more than half.10,11 Telmi-
sartan, an ARB that is more lipophilic and has a longer
half-life than losartan, was shown to be more effective
in reducing proteinuria than was losartan in patients
with diabetic nephropathy.11 Telmisartan also has a
higher affinity for the angiotensin-1 receptor and disso-
ciates more slowly when compared with losartan and
thus, its blocking effects appear to be insurmountable
and persist in vivo for longer than would be predicted
from its plasma kinetics. In normal dogs, telmisartan
(1 mg/kg PO q24h) more effectively blocks the pressor
response to intravenous administration of angiotensin I
than enalapril (0.5 mg/kg PO q12h), warranting further
study of this ARB in proteinuric dogs with glomerular
disease (Hanford C, Coleman A, Schmiedt C, Brown S:
Unpublished observations, 2013).

Combined Therapy with ACEi and ARB

Blockade of the angiotensin II type 1 receptor with
an ARB may give rise to a compensatory increase in
renin activity, and therefore an incomplete block of
the RAAS.12 Furthermore, an ACEi may incompletely
block the formation of angiotensin II, particularly
within the kidney. Hence, there may be an added
benefit to combined therapy with an ACEi and an
ARB because of the inability of monotherapy with
either class of drug to provide complete RAAS block-

ade.10,11 Blockade may be more complete when ACEi
is combined with an ARB, although it is still only
75–80% complete. Although there have not been any
studies in dogs, studies in people have suggested that
these drugs may be additive or perhaps even synergis-
tic in reducing proteinuria.13 Because the dosage of
each individual drug can be reduced during combined
therapy, adverse effects may be less likely.

However, the approach of combining these 2 agents
must be used cautiously in light of a recent study pub-
lished in people where elderly patients prescribed this
combination had a higher risk of kidney failure and
death.14 There is limited information available related
on the use of ARBs in dogs with glomerular disease.
Experience (Vaden S: Unpublished observations, 2013)
with its use in 11 dogs with proteinuria and glomerular
disease suggests that it can be used safely in combina-
tion with ACEi (enalapril) and calcium channel block-
ade (amlodipine) and is associated with a reduction in
proteinuria in most animals (7 of 11 dogs; typically
reducing the UPC by ~25%), although its use is associ-
ated with a modest increase in serum creatinine (6 of
11 dogs) or potassium (4 of 11 dogs) in some animals.
Controlled studies are needed in dogs to determine if
the antiproteinuric effects of ACEi and ARBs are opti-
mized by combination therapy or monotherapy with
individualized dosage escalation.

Aldosterone-Receptor Blockers

Serum aldosterone increases over time (ie, aldoste-
rone escape) in people treated even with maximal

Table 1. Dosages of common inhibitors of the renin-angiotensin-aldosterone system used in the management of
proteinuria in dogs with glomerular disease.

Drug Indication Initial Dose Escalating Dose

Benazapril Angiotensin converting

enzyme inhibitora
0.5 mg/kg PO q24h Increase by 0.5 mg/kg/d

to a maximum of 2 mg/kg

PO per day. Can give q12h

Enalapril Angiotensin converting

enzyme inhibitora
0.5 mg/kg PO q24h Increase by 0.5 mg/kg/d

to a maximum of 2 mg/kg

PO per day. Can give q12h

Ramipril Angiotensin converting

enzyme inhibitora
0.125 mg/kg PO q24h Increase by 0.125 mg/kg/d

to a maximum of 0.5 mg/kg

PO per day. Usually give q24h

Imidapril Angiotensin converting

enzyme inhibitora
0.25 mg/kg PO q24h Increase by 0.25 mg/kg/d

o a maximum of 5 mg/kg

PO per day. Usually give q24h

Telmisartan Angiotensin receptor

blocker

1.0 mg/kg PO q24h Increase by 0.5 mg/kg once

daily up to 2 mg/kg/d

Losartan Angiotensin receptor

blockerb
0.125 mg/kg/d

in azotemic dogs

0.25 mg/kg/d in azotemic

dogs

0.5 mg/kg/d in

nonazotemic dogs

1 mg/kg/d in nonazotemic

dogs

Spironolactone Aldosterone-receptor

blockerc
1–2 mg/kg PO q12h

aACEi and ARBs are antiproteinuric drugs that generally have weak antihypertensive effects.
bConcurrent administration of an ACEi is generally recommended.
cReserved for the management of proteinuria in dogs that have increased serum aldosterone concentrations and either have failed or

are intolerant of ACEi and ARBs.

Standard Therapy for Canine Glomerular Disease S29
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dosages of ACEi and ARB. Prolonged hyperaldostero-
nism may have adverse effects on the heart, systemic
blood vessels, and kidneys. Aldosterone receptor
blockers have been shown to reduce proteinuria and
stabilize kidney function in an additive fashion to
ACEi and ARB in people.15 People who have high
aldosterone concentrations are more likely to have a
reduction in proteinuria in association with administra-
tion of an aldosterone receptor blocker. Eplerenone
may be the drug of choice in people because of its
relative lack of affinity for androgen and progesterone
receptors, producing fewer endocrine side effects. How-
ever, endocrine side effects of spironolactone appear to
be less problematic in dogs, making a rationale for use
of eplerenone unclear in veterinary medicine. Although
spironolactone has been used most commonly in
veterinary medicine, there are little published data or
anecdotal information supporting efficacy of this drug
in dogs in the management of glomerular disease. Spri-
onoloactone would be expected to offer benefit only if
serum aldosterone concentrations are increased. This
drug could be tried in animals that have high serum
aldosterone concentrations and persistent proteinuria
in spite of treatment with an ACEi, ARB, or both with
the understanding that its efficacy in reducing
proteinuria has not been established.

Monitoring RAAS Inhibition

Recommendation 3:
The UPC, urinalysis, systemic arterial blood pres-
sure (BP), and serum albumin, creatinine, and
potassium concentrations (in fasting samples)
should be monitored at least quarterly in all dogs
being treated for glomerular disease.

95% of voting consensus members agreed with Rec-
ommendation 3, and 50% of these voters expressed
“strong agreement.”

In dogs with glomerular disease, introduction of a
new drug or dosage modifications are important indica-
tions for frequent monitoring (Fig 2). One to 2 weeks
after an ACEi or ARB is added or changed, the UPC,
serum creatinine, serum potassium, and BP should be
evaluated to verify that the recent change in treatment
has had the desired therapeutic effect (ie, reduction in
UPC), not resulted in a severe worsening of renal func-
tion (ie, >30% increase in serum creatinine), a concern-
ing increase in serum potassium concentration, or
hypotension (an unlikely occurrence with these drugs).
Dogs with marked azotemia, late IRIS CKD stage 3 or
stage 4, should be monitored more carefully.

Day-to-day variations in the UPC occur in most
dogs with glomerular proteinuria, with greater
variation occurring in dogs with UPC >4.16 Changes
in urinary protein content are most accurately assessed
by determining 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 to 3 collections.17 In 1 study, dem-
onstration of a significant difference among serial val-
ues for UPC in proteinuric dogs required a change of
at least 35% at high UPC values (near 12) and 80% at
low UPC values (near 0.5).16 The reliability of the
UPC is adversely impacted by changes in the glomeru-
lar filtration rate (GFR), which may occur as a result
of disease progression or the hemodynamic effects of
RAAS inhibitors. Thus, a reduction in UPC near these
reported magnitudes, without an increase in the serum
creatinine concentration, is required to indicate
improvement or response to treatment.

Managing Hyperkalemia

Hyperkalemia appears to be a common side effect of
RAAS inhibition in dogs with renal disease. Dogs with
serum potassium concentrations of >6 mmol/L should
be monitored closely. Pseudohyperkalemia, because of
the high potassium content of some blood cells, may
occur in dogs with glomerular disease. Before modifying
treatment, psuedohyperkalemia should be eliminated as
a cause by measuring the potassium concentration in
lithium heparin plasma. Because of the cardiotoxic
effects of potassium, treatment should be modified in
dogs with serum potassium concentrations >6.5 mmol/
L. In dogs with plasma potassium concentrations of
>6 mmol/L, an ECG should be evaluated for cardiac
conduction disturbances. True hyperkalemia can be
managed by reducing the ACEi or ARB drug dosage,
discontinuing spironolactone administration, feeding
diets that are reduced in potassium, or administering an
intestinal potassium binder (eg, kayexelate). Potassium-
reduced home-prepared diets that were formulated by a
veterinary nutritionist have been shown to effectively
correct hyperkalemia in dogs with CKD.18

Making Therapeutic Adjustments of RAAS
Inhibitors

Recommendation 4:
An ACEi should be initial treatment for most dogs
with proteinuria. The initial choice of drug and
starting dose may vary, but can be gradually
increased to achieve a therapeutic target. The ideal
therapeutic target is a reduction in the UPC to <0.5
without inappropriate worsening of renal function.
However, as this ideal target is not achieved in
most dogs, a reduction in UPC of 50% or greater
is the recommended alternate target.

95% of voting consensus members agreed with
Recommendation 4, and 60% of these voters
expressed “strong agreement.”

As previously mentioned, it is appropriate to adjust
the target UPC to reflect the expected day-to-day

S30 Brown et al
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variations in this parameter (Fig 2). The degree to
which worsening of renal function is tolerated will in
part depend on the IRIS stage of the canine CKD.
Dogs with stage 1 and 2 CKD can have an increase in
serum creatinine of up to 30% without modifying
treatment. The goal in dogs with stage 3 CKD would
be to maintain stable renal function; if renal function
deteriorates, 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 inhib-
itors can be used in this subset of patients, renal func-
tion should be monitored closely and therapeutic
adjustments made as needed to maintain baseline renal
function.

If the target reduction in UPC is not achieved, the
plasma potassium concentration is <6 mmol/L, and
any changes in renal function fall within the tolerable
limit, then dosages may be increased every 4–6 weeks,
starting with a change to 0.5 mg/kg q12h. If the target
reduction in UPC is not achieved when a dosage of
2 mg/kg/day of an ACEi is reached, a reasonable next
step would be to add an ARB. Higher ACEi dosages
may be used but only with caution. Alternatively, an
ARB can be used as monotherapy if dogs appear to be
intolerant of an ACEi.

Dietary Therapy in Dogs with Glomerular
Disease

Nutrition plays a central role in the management of
kidney diseases in veterinary medicine. In dogs, the
kidney is susceptible to progressive injury, which has
been linked to the magnitude of proteinuria2 and the
extent of proteinuria may be modified by adjustments
in dietary intake in models of CKD19–21 including
those characterized by marked proteinuria,22,23 and the
same is true in spontaneous CKD.6 Furthermore,
alterations in dietary intake can affect the progression
of CKD in induced models of CKD,20,21,25,26 genetic
models of CKD23 and in spontaneous CKD.24 Sub-
stantially less is known about the effects of dietary
modification in proteinuric dogs with unstable kidney
function, although diet did effect the magnitude of
proteinuria and renal hemodynamic response to an
acute reduction in renal function in 1 laboratory study
of induced CKD in dogs.21

Dietary Polyunsaturated Fatty Acids (PUFA)

In laboratory studies of canine kidney disease char-
acterized by secondary glomerular injury, dietary sup-
plementation with n-3 PUFA altered the long-term

Making Adjustments to RAAS Inhibi on Therapy in Dogs with Glomerular Disease

Ini al dosage of ACEi (see Table 1) 1-2 weeks, evaluate serum crea nine (SCr), potassium (K), BP

1. Tolerable limits: SCr change generally considered tolerable in CKD stage 1 or 2 if <30% above baseline; in CKD stage 3 <10% but in stage 4 no 
increase in SCr may be tolerable.  K tolerable when <6.0 mmol/L.  Systolic BP should be AP2 (160-179 mmHg) or lower; BP decline acceptable as 
long as systolic BP >120 mmHg.

SCr, K and BP within tolerable limits
1
,

con nue therapy at current dosage

UPC >0.5 or reduc on is <50% AND SCr, 
K and BP within tolerable limit, increase 
ACEi dosage

SCr, K or BP not within tolerable limits
1
, 

discon nue ACEi and ins tute alternate 
therapy (e.g., ARB or calcium channel blocker) 
and monitor as suggested with ACEi

2-4 weeks, evaluate SCr, K, BP, UPC

UPC <0.5 or reduc on is >50% AND SCr, 
K and BP within tolerable limit, maintain 
current dosage

SCr, K or BP not within tolerable limit, return 
ACEi to ini al dosage and add alternate 
therapy (e.g., ARB or calcium channel 
blocker) and monitor as suggested with ACEi

4-6 weeks, evaluate SCr, K, BP, UPC

UPC <0.5 or reduc on is >50% AND SCr, 
K and BP within tolerable limit, maintain 
current dosage

UPC >0.5 or reduc on is <50% AND SCr, 
K and BP within tolerable limit, increase 
ACEi dosage in appropriate increments 
up to maximum daily dose

SCr, K or BP not within tolerable limit, return 
ACEi to previous dose and alternate therapy 
(e.g., ARB or calcium channel blocker) and 
monitor as suggested with ACEi

Fig 2. Protocol for making adjustments in renin-angiotensin-aldosterone (RAAS) inhibitor therapy.

Standard Therapy for Canine Glomerular Disease S31
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course of renal injury,20 the hemodynamic response to
acute reduction in renal function,21 and the magnitude
of proteinuria. Dogs with spontaneous CKD exhibit
alterations in vasoactive urinary eicosanoid excretion;
these changes were interpreted to support a role for
glomerular hyperfiltration in progressive canine renal
injury.27 Interestingly, short-term studies in dogs with
naturally occurring kidney disease indicate that supple-
mentation with n-6 PUFA led to increased GFR.27

In laboratory studies, dietary supplementation with
fish oil (specifically docosahexaenoic acid and eicosa-
pentaenoic acid) lowered glomerular pressure,
decreased renal eicosanoid series-2 excretion, and
provided renoprotection.21 Dietary supplementation
with lesser amounts of these same PUFA (providing
approximately 0.6% n-3 PUFA on a dry weight basis)
reduced the dietary n-6 : n-3 PUFA ratio from 50 : 1
to 5 : 1, lowered glomerular capillary pressure, altered
urinary excretion of eicosanoids and, in chronic stud-
ies, delayed the progression of CKD.28 This latter die-
tary maneuver is believed to be of long-term benefit to
delay progression of renal injury, although the benefits
of n-3 PUFA supplementation alone remains to be
established in dogs with spontaneous CKD. Although
a diet with high n-3 PUFA content prolonged sur-
vival,24 there were other potentially beneficial dietary
modifications in this study.

In dogs with CKD, dietary supplementation with
n-6 PUFA may increase GFR in the short term and
dietary supplementation with n-3 PUFA may offer
renoprotection in the long term. As these PUFA act
competitively, it is not possible to achieve both affects
simultaneously in the same animal. Until further infor-
mation is available, the presently recommended
approach is to utilize n-3 PUFA supplementation
(specifically docosahexaenoic acid and eicosapentae-
noic acid) for dogs with glomerular disease. Although
the source and type of PUFA vary, commercially
available “kidney diet” preparations that are supple-
mented with docosahexaenoic acid and eicosapentae-
noic acid, providing n-6/n-3 ratios close to 5 : 1, are
preferred for dogs with glomerular disease.

The effects of n-3 PUFA supplementation as mono-
therapy in spontaneous canine glomerular disease have
not been well studied. In people with proteinuric renal
diseases, specifically IgA nephropathy and lupus
nephritis,29 there is evidence of benefit in slowing pro-
gression, reducing proteinuria, or both with n-3 PUFA
supplementation29 or of a synergistic effect30 of co-
administration of n-3 PUFA with drugs that interfere
with the RAAS. However, this is controversial, with
some studies showing no benefit in people.29

The efficacy of adding n-3 PUFA to diets already
containing these fatty acids or the addition of n-3
PUFA to diets with a high n-6/n-3 ratio has not
been evaluated in dogs with spontaneous glomerular
diseases, but would seem an appropriate consider-
ation. One concern is that supplementation with
large amounts of n-3 PUFA alters the function of a
variety of nonrenal tissues, including immunologic
and hemostatic functions. However, hemostatic and

immunologic dysfunction were not reported in dogs
with induced kidney disease fed a diet containing
4% n-3 PUFA, and an n-6/n-3 ratio of less than
0.5, for 20 months.20 Higher levels of n-3 PUFA
were shown to be safe and more efficacious than
routine n-3 PUFA-supplemented diets in the
treatment of canine osteoarthritis.31 On the basis of
studies to date, where dietary supplementation with
n-3 PUFA is chosen, a dosage of 0.25–0.50 g/kg
body wt of docosahexaenoic acid and eicosapentae-
noic acid should be considered. As PUFA within cell
membranes are subject to oxidative damage, the
addition of PUFA to the diet increases an animal’s
antioxidant (eg, vitamin E) requirements. Further-
more, tubular hypermetabolism in CKD32 and the
regenerative phase of ongoing kidney damage are
believed to expose the kidney to oxidative injury. In
this setting, high PUFA diets may enhance oxidative
injury and dietary antioxidants have been shown to
increase survival in laboratory models of canine
CKD.28 Appropriately, commercially available “renal
diets”, which are PUFA supplemented, contain a
variety of supplemental antioxidants. Augmenting
dietary PUFA content further would be expected to
increase antioxidant requirements. Supplementation
with vitamin E was utilized in one long-term
laboratory study (1.1 IU of supplemental vitamin
E/g of added fish oil).20

Recommendation 5:
Dogs with glomerular disease should be fed a diet
with a reduced n-6/n-3 PUFA ratio, approximating
5 : 1. Where dietary supplementation with n-3
PUFA by the owner is used to alter this ratio, a
dosage of 0.25–0.50 g of n-3 PUFA/kg body wt,
containing eicosapentaenoic acid and docosahexae-
noic acid, appropriate for a typical canine diet.

95% of voting consensus members agreed with
Recommendation 5, and 40% of these voters
expressed “strong agreement.”

The PUFA within a diet or stored oil may also be
oxidized. Although pet food manufacturers generally
add specific antioxidants to diets to address this con-
cern (eg, BHA, BHT, and ethoxyquin), care should be
taken to utilize these diets according to recommended
expiration dates. Free oils or capsules intended for
addition to diets should be stored at 20°C or lower
and used in a timely manner.

Dietary Protein

The generally accepted benefits of modification in
dietary protein content in canine glomerular disease
are to reduce intraglomerular pressure, the magnitude
of proteinuria, and the rate of generation of uremic
toxins. There is evidence that reduction in protein
intake reduces proteinuria22 and that dietary
modification, which includes protein restriction,23
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slows progression in genetic models of proteinuric
CKD. Furthermore, it has been established that
dietary modification, including the use of lower protein
intake, is beneficial in spontaneous canine CKD.24

Recommendation 6:
Modified protein diets should be fed to dogs with
glomerular disease.

95% of voting consensus members agreed with
Recommendation 6, and 80% of these voters
expressed “strong agreement.”

Dietary Sodium

Although normal dogs are apparently not as
salt-sensitive as people or some inbred strains of rats,
it is likely that dogs with kidney disease,33 particularly
those with nephrotic syndrome (NS), are salt-sensitive.
Furthermore, salt restriction enhances the antihyper-
tensive efficacy and renal hemodynamic effects of some
antihypertensive agents in dogs34 and cats,35 particu-
larly those that interfere with the renin angiotensin
system.

Recommendation 7:
Based on evidence from laboratory studies, the
study group recommends feeding diets formulated
to contain reduced sodium chloride content to dogs
with glomerular disease.

95% of voting consensus members agreed with
Recommendation 7, and 25% of these voters
expressed “strong agreement.”

Antithrombotic Therapy in Dogs with
Glomerular Disease

Thromboembolism is a recognized complication of
proteinuria in dogs and humans.36–38 The prevalence
of thromboembolism in dogs with proteinuric kidney
disease (glomerular diseases) has been reported to be
as high as 25%.38 In humans with NS, thromboembo-
lism is primarily attributed as venous thromboembo-
lism (VTE) rather than arterial thromboembolism
(ATE) with a prevalence of VTE reported to be as
high as 42% and ATE as high as 5.5%.39 Although
both VTE and ATE have been described in dogs, clini-
cal observations suggest that VTE may also be the
more common cause for thromboembolism in
dogs.36,38 The ratio of proteinuria to serum albumin
has been reported to be predictive of VTE in humans
with NS.37 Although the relationship between the mag-
nitude of proteinuria and development of thromboem-
bolism has not been well established in dogs, it is
generally accepted that the risk of thromboembolism
increases as the concentrations of antithrombin III and
serum albumin decline consequent to proteinuria.

Virchow postulated 3 main causes of thrombosis:
stasis of the blood, changes in the vessel wall, and
changes in the composition of blood. Factors in the
first and third of Virchow’s groups are linked to devel-
opment of VTE.40 The mechanisms underlying the
thrombotic diathesis associated with proteinuria (NS)
are poorly understood, but loss of antithrombotic
substances into the urine is often invoked. However,
this explanation probably grossly oversimplifies the
circumstances. Decreased levels of factors IX and XI,
and of antithrombin III have been recognized in
humans with NS. Similarly, reduced levels of anti-
thrombin III have also been recognized in dogs with
severe proteinuria. Although there may be loss of
small molecular weight factors into the urine, there is
also an increase in plasma procoagulant cofactors, fac-
tors V and VIII, and fibrinogen levels.39 In addition,
platelet reactivity is increased (in vitro), but appears to
be flow-dependent.41 Inactivity of human patients with
NS has been linked to increased risk of VTE,39 and
venous stasis associated with volume depletion may
also promote thrombus formation. Thus, the procoag-
ulant state associated with VTE in the NS appears to
be multifactorial in origin.

The pathophysiology of ATE is thought to differ
from that of VTE, with changes in vessel walls and
platelet activation being of greater importance. How-
ever, several studies have provided evidence that
altered vessel wall activity may also promote VTE.40

The recent observation that microalbuminuria is inde-
pendently associated with increased risk for VTE in
humans tends to support a possible role for vessel wall
involvement in the development of VTE and ATE in
glomerular diseases when viewed in the context of mi-
croalbuminuria being a marker for generalized endo-
thelial dysfunction.40 However, evidence of an
association between endothelial dysfunction and mi-
croalbuminuria is lacking in the dog, largely because
of the lack of robust methods for assessing endothelial
cell function in vivo in dogs. Nonetheless, these obser-
vations may provide a pathophysiologic justification
for the use of aspirin in preventing VTE in dogs with
glomerular disease.

Recommendations for prophylaxis of VTE in
humans as well as dogs include administration of hep-
arin and vitamin K antagonists.42,43 Limited evidence
suggests that antiplatelet agents may provide some
protection against VTE in hospitalized human
patients.43 However, the American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines
on Prevention of Venous Thromboembolism does not
recommend the use of aspirin alone as prophylaxis
against VTE, primarily because more effective methods
of thromboprophylaxis are readily available.43 In sup-
port of this position, they cite a number of trials that
report no significant benefit from aspirin VTE prophy-
laxis, or found that aspirin was inferior to other
thromboprophylaxis modalities.

Options for thromboprophylaxis available for clini-
cal use in dogs are limited with heparin and aspirin
predominating.44 Very limited studies are available to
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support the value of antithrombotic therapy in dogs,
and no studies specifically address the issue of anti-
thrombotic therapy in dogs with glomerular disease.
Thus, there is little conclusive evidence on which to
base recommendations for prophylaxis of VTE in
dogs, regardless of cause.42 Such evidence is difficult to
derive and would require large well-coordinated multi-
center randomized controlled clinical trials enrolling
sufficient patients at risk and to treat them for long
enough to determine whether there was a benefit in
reducing the incidence rate of this sporadic complica-
tion of glomerular disease.

Although coumarin derivatives (warfarin) and
heparin are the anticoagulants most commonly used to
manage VTE in humans, they are not recommended for
long-term use in dogs with glomerular disease because
of issues with administration, monitoring, and potential
complications. Hemorrhagic complications are common
in humans managed with coumarin derivatives and
careful and frequent monitoring of drug dosage is
essential with these drugs.44 One recent study suggested
that the antithrombotic effect of heparin may be most
effective in dogs with immune-mediated hemolytic ane-
mia when heparin dosage is adjusted according to fac-
tor Xa assay results, whereas standard (unadjusted)
doses of heparin may in fact promote thrombosis.45 In
addition, as heparin acts through enhancement of the
inhibitory actions of antithrombin, reduced levels of
antithrombin found in many dogs with NS suggest that
heparin is likely to be less effective in dogs most likely
to develop thromboembolism.44

There are no evidence-based clinical studies on
which to base recommendations for determining when
intervention is justified or for which drugs to use for
prophylaxis of VTE or ATE in dogs with glomerular
disease. The current recommendation for thrombopro-
phylaxis in dogs with glomerular disease remains low-
dose aspirin (0.5–5 mg/kg daily).36,42 However, the
optimum aspirin protocol for limiting TE in dogs is
unknown and appropriate assessments of the impact
of low dosages of aspirin on canine platelets are
limited. In one study, platelet aggregation was signifi-
cantly reduced in healthy dogs in response to 0.5 mg/
kg, PO, q12h.46 However, a recent abstract reported
no effect of aspirin at this dosage on platelet function
measured by aggregometry and a shear-based function
test (PFA100�).47 Instead, the authors reported 1 mg/
kg to be the minimum dosage to alter platelet function
in 73 healthy dogs when assessed with these methods.
A more recent study found that administration of
1 mg/kg/d of aspirin failed to consistently suppress
platelet function, suggesting that dosages of 1 mg/kg
or less per day may not consistently impact platelet-
mediated thrombosis/thromboembolism.48 Studies doc-
umenting effectiveness of doses between 1 and 5 mg/kg
of aspirin in dogs have not been published.

Preliminary evidence suggests that clopidogrel
(Plavix) may be effective in reducing platelet activity,
at least in normal dogs, at an oral dose of approxi-
mately 1.1 mg/kg every 24 h.49 However, evidence that
it is superior to aspirin in prophylaxis of VTE in dogs

is lacking. In a clinical trial of dogs with spontaneous
primary immune-mediated hemolytic anemia, a condi-
tion commonly complicated by development of fatal
venous thromboembolism, clopidogrel alone or in
combination with 0.5 mg/kg/d of aspirin, was safe but
had similar short-term survival compared with aspirin
alone at the same dosage in a small group of animals
treated with standard immunosuppressive therapy.50

Evidence of safety and effectiveness in preventing VTE
or ATE in dogs with spontaneous glomerular disease
is not available. Although clopidogrel may be safe and
possibly effective in dogs, it is substantially more
expensive than low-dose aspirin.

Recommendation 8:
The study group recommends daily administration
of low-dose aspirin (1–5 mg/kg daily) for thrombo-
prophylaxis in dogs with proteinuric glomerular dis-
ease. Clopidogrel may be similarly effective to aspirin
and may be used instead of aspirin; however, there is
no compelling evidence that it is superior to low-dose
aspirin in dogs with glomerular disease.

95% of voting consensus members agreed with
Recommendation 8, and 40% of these voters
expressed “strong agreement.”

Although evidence supporting efficacy of aspirin as
prophylaxis for VTE in dogs is poor (expert opinion
and uncontrolled clinical observations), it is broadly
applied to proteinuric dogs and appears to be safe
provided that the dogs are well hydrated and normo-
tensive. Previous recommendations for aspirin dosage
in dogs with NS have included dosages as low as
0.5 mg/kg; however, more recent studies in normal
and dogs with immune-mediated hemolytic anemia
(Stiller A, Armstrong PJ, Polzin DJ, Smith SA: unpub-
lished observations, 2013) have suggested that aspirin
at 0.5 mg/kg is unlikely to modify platelet function. In
addition, the recommendation to administer aspirin to
dogs with glomerular disease is based on studies sup-
porting an apparent beneficial effect of a thromboxane
synthetase inhibitor in ameliorating proteinuria in dogs
with glomerular disease.51–53 Direct evidence that aspi-
rin therapy influences renal function or pathology in
dogs with spontaneous glomerular disease is lacking.

Systemic Hypertension and Target Organ
Damage (TOD) to the Kidneys

Systemic hypertension is problematic because chron-
ically sustained elevations of BP produce injury to tis-
sues54; the rationale for treatment of hypertension in
dogs with glomerular disease is to minimize or prevent
this injury in the kidney, eyes, brain, or cardiovascular
system. Damage that results from the presence of sus-
tained high BP is referred to as TOD. In the kidney,
TOD is generally manifest as an enhanced rate of
decline of renal function, mortality, increased fre-
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quency of uremic crises, or increased magnitude of
proteinuria.3,4,54–58 Although hypertension appears to
be more prevalent in advanced CKD, it may be
present in any IRIS stage. Ocular, central nervous
system, and cardiovascular TOD is observed in many
dogs with hypertension and effective treatment is gen-
erally believed to reduce the likelihood of further TOD
in these tissues.54

Measurement of BP

Diagnosis and management of hypertension in dogs
with acute or chronic glomerular disease should be
based on measurement of the patient’s BP.54 The
choice of measurement device depends on operator
experience and preference. Results of all BP
measurements, rationale for excluding values, the final
(mean) result, and interpretation of the result by the
veterinarian should be noted. The animal’s position
and attitude, cuff size and site, and cuff site circumfer-
ence (cm), and values obtained should be carefully
considered and noted in the animal record.

Treatment of Hypertension

Recommendation 9:
The initial assessment of a dog with glomerular dis-
ease suspected of having systemic hypertension
should include recognizing conditions that may be
contributing to an increase in BP, identifying and
characterizing TOD, and determining if there are
any seemingly unrelated concurrent conditions that
may complicate antihypertensive therapy.

100% of voting consensus members agreed with Rec-
ommendation 9, and 60% of these voters expressed
“strong agreement.”

Because hypertension is often a silent, slowly
progressive condition requiring vigilance and life-long
therapy, it is important to be absolutely certain
about the diagnosis: a high BP measurement in a dog
with glomerular disease could represent either second-
ary or artifactual (anxiety-induced or “white-coat”)
hypertension or a combination of both.54 White-coat
hypertension is not an indication for treatment in dogs.
A decision to use antihypertensive drugs should be
based on the integration of all clinically available infor-
mation and multiple measurements of BP.

Decision to Institute Treatment for Hypertension

In people, any reduction in BP that does not pro-
duce overt hypotension lowers the risk of TOD. This
finding is consistent with results of a laboratory study
in dogs,58 but remains to be confirmed in dogs
with spontaneous glomerular disease. The ACVIM
Hypertension Consensus Panel54 and International
Renal Interest Society (IRIS)59 recommend that BP be

categorized on the basis of risk of future TOD
(Table 2). While there are interbreed differences in BP
in dogs, at this time, only the difference (20 mmHg
higher values for each category) for Sight Hounds
mandates separate categorization at this time.59–61

Recommendation 10:
Dogs with glomerular disease are presumed to have
TOD and the general consensus is to institute treat-
ment in a patient wherein reliable measurement of
BP indicates that systolic BP (SBP) exceeds 160 or
diastolic BP (DBP) exceeds 100 mmHg (AP2 or
higher—see Table 2 for definitions).

90% of voting consensus members agreed with
Recommendation 10, and 45% of these voters
expressed “strong agreement.”

Antihypertensive Therapy

Recommendation 11:
Antihypertensive therapy must be individualized to
the patient and its concurrent conditions. Regardless
of the initial level of BP, the goal of treatment should
be to maximally reduce the risk of future TOD
(Stage AP0: SBP<150, DBP <95 mmHg, or both)
and to significantly lower the magnitude of protein-
uria (UPC <0.5 is the primary goal; UPC reduced by
50% or more if the primary goal is not achievable).
Certainly, a minimal goal of antihypertensive ther-
apy is to achieve a reduction in stage of risk for
TOD (Table 2). Except in a hypertensive crisis
wherein severe ocular or central nervous system
TOD is present, this is not an emergency and BP
lowering should be achieved with a gradual, persis-
tent reduction in BP achieved over several weeks.

85% of voting consensus members agreed with Rec-
ommendation 11, and 40% of these voters expressed
“strong agreement.”

Table 2. Staging of blood pressure (BP; mmHg) in
dogs and cats based on risk for future target organ
damage.a

Systolic Diastolic

Risk of Future

Target Organ

Damage

BP

Stage

<150 <95 None or minimal AP0

150–159 95–99 Low AP1

160–179 100–119 Moderate AP2

≥180 ≥120 High AP3

aWhere reliable measurements (see text) lead to different cate-

gories based on separate consideration of the patient’s systolic

and diastolic BP, the patient’s BP stage should be taken as the

higher risk.
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Table 3. Oral agents for antihypertensive therapy in dogs with glomerular diseasea

Class Drug (Examples of Trade Name) Usual Oral Dosage

ACEI/ARB

Angiotensin-converting enzyme inhibitor Benazepril (Lotensin; Fortekor) see Table 1

Enalapril (Vasotec; Enacard) see Table 1

Ramipril see Table 1

Imidapril see Table 1

Angiotensin receptor blocker Telmisartan see Table 1

Losartan (Cozaar) see Table 1

CCB

Calcium channel blocker Amlodipine (Norvasc) 0.1–0.75 mg/kg q24h

Other Agents

b blocker Atenolol (Tenormin) 0.25–1.0 mg/kg q12h

a1 blocker Prazosin (Minipress) 0.5–2 mg/kg q8–12h
Phenoxybenazime (Dibenzyline) 0.25 mg/kg q8–12h or 0.5 mg/kg q24h

Direct vasodilator Hydralazine (Apresoline) 0.5–2 mg/kg q12h (start at low end of range)

Acepromazine (PromAce) 0.5–2 mg/kg q8h

Diuretics

Thiazide diuretic Hydrochlorothiazide (HydroDiuril) 2–4 mg/kg q12–24h
Loop diuretic

Aldosterone receptor blocker

Furosemide (Lasix)

Spironolactone (Aldactone, Prilactone)

1–4 mg/kg q8–24h
see Table 1

aAgents that interfere with the renin-angiotensin-aldosterone system (ie, ACEIs, ARBs, or aldosterone blockers) are used to manage

dogs with glomerular disease that exhibit proteinuria, hypertension, or both. Although the end-points differ when managing proteinuria

(UPC is the end-point) and hypertension (BP and the UPC are used to assess the efficacy of antihypertensive therapy), the dosing and

follow-up are essentially the same when approaching either problem or both together in a canine patient.

Although available evidence suggests that sodium
restriction alone generally does not reduce BP,33 high
salt intake may produce adverse consequences in some
settings33,62 but not others.63 Although the BP of
normal dogs is minimally affected by variations in
NaCl intake,33 it is likely that dogs with kidney
disease, particularly those with NS, are salt-sensitive.
Furthermore, salt restriction enhances the antihyper-
tensive efficacy of some antihypertensive agents,
particularly those that interfere with the RAAS. This
evidence serves as the basis for recommendation 7 to
feed a diet with modified sodium chloride content to
dogs with proteinuric kidney disease, regardless of
IRIS stage.

Clinical experience indicates that RAAS inhibitors
reduce BP slightly (~10–15%) and are antiproteinuric.
For a variety of reasons, these agents will already be
used in dogs with glomerular disease (including those
classified as AP0 or AP1). If hypertension is identified
in a dog with glomerular disease that is not receiving
an ACEi or an ARB, institution of an ACEi is an
appropriate first step. The starting dosage should be at
or above the lower end of the recommended range
(Table 3). The upper limit of our recommended dosage
range for the ACEi is controversial as some experts
will stop at or below this dosage, while others will
increase the ACEi dosage even further. Most consider
the addition of a calcium channel blocker (ie, amlodi-
pine), or an ARB, to be an appropriate next consid-
eration. If an antihypertensive agent of choice is only
partially effective, the usual approach is to increase the
dosage or add an additional drug.

Recommendation 12:
In dogs with glomerular disease and either severe
systemic hypertension (AP3) or a hypertensive
emergency (eg, systolic BP above 200 mmHg or evi-
dence of ocular or neurologic target organ dam-
age), co-administration of two agents with different
mechanisms of action (generally an ACEi plus am-
lodipine) is recommended.

100% of voting consensus members agreed with Rec-
ommendation 12, and 55% of these voters expressed
“strong agreement.”

Proteinuric dogs with significant hypertension will
usually require more than two antihypertensive agents.
In this setting, the general consensus is to add the
calcium channel blocker, amlodipine, to RAAS inhibi-
tion. Some uncommon disease conditions may be best
addressed with the addition of specific classes of agents
in addition to RAAS inhibitors plus amlodipine, such
as alpha- and beta-blockers or surgical excision for
pheochromocytoma or an aldosterone receptor blocker
or surgical excision of an adrenal tumor in animals
with hypertension associated with hyperaldosteronism.
Diuretics are not commonly used in dogs with CKD,
but may be useful, especially in patients with concur-
rent hypertension and NS (see below).

The benefits of BP lowering on TOD within the kid-
ney (ie, slowing of progressive decline in GFR and
reduction in UPC) are directly dependent on the
degree of proteinuria in people56 and cats,57 leading to

S36 Brown et al

 19391676, 2013, s1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.12230 by C
ochraneItalia, W

iley O
nline L

ibrary on [27/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



our consensus that achievement of BP control is more
important in proteinuric dogs.

Besides the antiproteinuric effects of agents that
interfere with the RAAS, other classes of agents may
be considerations for the future. The CCB blocker in
common use clinically (ie, amlodipine) is an L-type
calcium channel blocker, which appear to be less
antiproteinuric because of preferential dilatation of the
afferent arteriole in dogs,55,64 forming the basis for the
recommendation of co-administration of RAAS inhibi-
tors. There are alternative CCB, which are L/T (eg,
efonidipine)65 and L/N blockers (eg, clinidipine)66 both
of which are more likely to effectively dilate the effer-
ent arteriole than amlodipine. Furthermore, the L/N
blockers appear to be sympatholytic.66 Both of these
newer classes of calcium channel blockers hold
promise because of their potential for renoprotection
but are, as of yet, not tested in the clinical setting in
dogs with glomerular disease.

An exception to the above graded approach to BP
reduction is dogs with AP3 and evidence of severe or
progressing neural or ocular TOD, which is generally
taken to constitute an emergency. In this setting, more
aggressive, combination therapy with a RAAS inhibi-
tor plus amlodipine is an appropriate first step.

Monitoring Antihypertensive Therapy

Ocular and neural TOD may result in a
hypertensive crisis, necessitating rapid lowering of
BP.54 In most other situations, hypertension is not an
emergency and 2–4 weeks should be allowed between
dosage adjustments. There has been concern about
acute exacerbation of azotemia with ACEi, although
this is an unusual complication and modest increases
in serum creatinine concentration (<30%) may occur
and are generally tolerable in IRIS CKD stages 1–2
and early stage 3.

Recommendation 13:
A dog with glomerular disease in IRIS CKD
stages 1 or 2 should be evaluated 3–14 days fol-
lowing any change in antihypertensive therapy. In
unstable patients and those with IRIS stage 3 or 4
CKD, this recheck should be conducted in a
shorter timeframe, typically 3–5 days. Patients
deemed to be hypertensive emergencies and
hospitalized patients, particularly those receiving
fluid therapy or pharmacological agents with
cardiovascular effects, should be assessed daily.
The purpose of these short-term assessments is to
determine if there are any findings that are unex-
pected (eg, new or worsening TOD) or adverse
(eg, marked worsening of azotemia or systemic
hypotension).

100% of voting consensus members agreed with Rec-
ommendation 13, and 55% of these voters expressed
“strong agreement.”

Treatment should be adjusted downward if an
increase in serum creatinine of >30% or a BP <120/
60 mmHg (combined with clinical findings of weakness
or syncope) is observed.54

Re-evaluation at 1–4 month intervals is recom-
mended, with chosen interval depending on stability of
BP and stage of disease (more frequent if BP or other
conditions are unstable, late stage 3 or stage 4 CKD)
and level of elevation (more frequent in AP3) is appro-
priate. Follow-up evaluations, which are employed to
assess efficacy of treatment and make adjustments if
appropriate, should include measurement of BP, serum
creatinine concentration, urinalysis with UPC,
funduscopic examination, and other specific assess-
ments depending on the individual circumstances (eg,
TOD, causes of secondary hypertension, and concur-
rent conditions) of the patient. In dogs, a key predic-
tive parameter for antihypertensive efficacy is the
effect of treatment on the magnitude of proteinuria
(UPC)1–3,20,55,64 and a benefit is predicted if the antihy-
pertensive regimen used is antiproteinuric (ie, reduces
UPC by at least 50%, preferably to <0.5). The fre-
quency and nature of re-evaluations will vary depend-
ing on the BP substage, stability of BP, other aspects
of the health of the patient, and frequency of dosage
adjustment to antihypertensive therapy. As signs of
progression of TOD can be subtle, BP should be
closely monitored over time in patients receiving
antihypertensive therapy, even when hypertension is
seemingly well controlled.

Fluid and Diuretic Therapy in Dogs with
Glomerular Disease

Alterations of fluid homeostasis are common in
small animals with glomerular diseases and they
include excesses, deficits, and intercompartmental
maldistribution.38,67 These alterations may require
interventions as a supportive measure for anesthesia
(renal biopsy, unrelated surgery), as a compensation
for increased losses such as those associated with
gastrointestinal complications, or to decrease severe
interstitial fluid accumulation in nephrotic patients.
The restoration of disturbed fluid homeostasis can,
however, be challenging in dogs affected with glomeru-
lar disease. Attempts to treat these animals commonly
result either in exacerbation of peripheral edema and
systemic hypertension with fluid administration or in
worsening azotemia and uremic crisis with diuretic
therapy. This difficulty is likely a consequence of our
poor understanding of the mechanisms underlying
edema formation and fluid maldistribution in glomeru-
lar diseases and of our limited ability to evaluate
precisely and accurately the various clinical parameters
of fluid balance in individual animals.

Mechanisms of Edema Formation in Glomerular
Diseases and Patient Evaluation

Edema formation in nephrotic patients has been
explained classically as being attributable to decreased
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plasma colloid osmotic pressure resulting from the
hypoalbuminemia associated with glomerular protein
loss. According to this explanation, leakage of plasma
water into the interstitium results in hypovolemia, acti-
vates the RAAS, causes sodium and fluid accumula-
tion, and thus worsens edema formation.68 However,
this “underfill theory” has been challenged based on
clinical observations and results of studies in models of
NS, which indicate a lack of evidence of hypovolemia
in most patients and a lack of efficacy of colloid ther-
apy or RAAS blockade for the resolution of nephrotic
edema.69 Experimentally, severe hypoalbuminemia or
even analbuminemia alone, is rarely sufficient to cause
severe edema since the colloid osmotic pressure of the
interstitium decreases in parallel to that of the plasma,
maintaining a similar transcapillary oncotic gradient.70

Clinically, except when suffering from additional fluid
losses, most patients do not appear to be in a volume-
contracted state.

Evidence of inappropriate renal tubular sodium
retention and excessive volume expansion as a major
causative mechanism for edema formation is accumu-
lating from rodent models of NS.70,71 Although this
“overfill theory” cannot necessarily be extrapolated to
dogs, it could explain some of the controversial clinical
observations such as the worsening of edema some-
times observed with colloid use, the high prevalence of
systemic hypertension, and the poor response of hyper-
tension to RAAS blockade alone.72 Furthermore, the
“vascular hyperpermeability theory” suggests an
additional contributor to interstitial fluid accumulation
in some forms of systemic vascular and glomerular
inflammation. A recent review of the clinical manifes-
tations of NS did not provide conclusive evidence for
or against these 3 theories, possibly indicating a
combination of potential mechanisms and their respec-
tive dominance in certain defined conditions.67

Fluid Volume Status: Patient Assessment

Recommendation 14:
As data on the prevailing mechanisms of nephrotic
edema in the canine species are lacking, careful
assessment of the hydration, and of the vascular
volume of individual dogs with glomerular disease
should be a priority both before and during fluid
therapy.

90% of voting consensus members agreed with Rec-
ommendation 14, and 45% of these voters expressed
“strong agreement.”

Nephrotic patients are, per definition, overhydrated.
However, this interstitial fluid accumulation can be
associated with either vascular volume contraction or
expansion.73 The evaluation of the volume status of an
individual animal with NS should therefore focus
primarily on the intravascular volume and aim at
differentiating hypovolemic-underfilled from hypervo-

lemic-overfilled dogs. Non-nephrotic animals with
glomerular disease should be evaluated similarly.
However, as our ability to predict iatrogenic edema
formation with fluid therapy is limited, these dogs
should be considered at risk with fluid therapy being
prescribed conservatively, rather than assuming that
they are volume contracted.

Recommendation 15:
The evaluation of the fluid status of a dog with glo-
merular disease should be based on anamnestic
data (eg, serial body weight) and a complete physi-
cal examination with special emphasis on skin
turgor, mucous membrane color and moisture, cap-
illary refill time, temperature of the extremities,
heart rate, pulse quality, and systemic BP.

95% of voting consensus members agreed with
Recommendation 15, and 55% of these voters
expressed “strong agreement.”

More objective techniques for measurement of body
composition such as isotope dilution or bioimpedance
spectroscopy could help the assessment of fluid distri-
bution, but they are rarely available clinically and they
remain to be validated for dogs in this setting. Indirect
markers of vascular expansion (eg, natriuretic pep-
tides) and echocardiographic parameters have been
suggested for the evaluation of the volume status in
nephrotic people73 and they could prove useful for
assessment of dogs in the future. A clinical study in
children with nephrotic edema indicated that volume-
contracted patients had a higher BUN, higher BUN/
creatinine ratio, higher urine osmolality, and lower
fractional excretion of sodium compared with volume-
expanded patients. They also had significantly higher
renin, aldosterone, and antidiuretic hormone levels.74

Whether these simple markers could prove useful for
evaluation of dogs with nephrotic edema remains to
be evaluated.

Nephrotic Syndrome: Indications for
Intervention

Treatment of nephrotic edema and effusion is
addressed primarily through treatment of the underlying
etiology and reduction in proteinuria. Specific treatment
of edema and drainage of effusions are reserved for the
symptomatic support of animals with significant respira-
tory distress, abdominal discomfort, or other severe
complications caused by excessive fluid accumulation.

Recommendation 16:
Because there is no rationale for diuretic interven-
tion in dogs with glomerular disease and mild
peripheral edema, use of diuretics in dogs with
edema should be limited to situations where organ
function is critically impaired (eg, ascites or pleural
effusion that impairs respiration).
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90% of voting consensus members agreed with
Recommendation 16, and 35% of these voters
expressed “strong agreement.”

Overfilled, stable dogs with NS typically should not
require fluid therapy either, even for short elective
anesthesia such as required for ultrasound-guided renal
biopsy, for example. Unstable nephrotic animals
necessitating anesthesia, however, require a thorough
global evaluation and the need for intervention has to
be assessed individually, taking into consideration
volume, oncotic, and osmotic parameters.73 If deemed
absolutely necessary, fluid administration should
remain very conservative and be re-evaluated fre-
quently. There are no data to support the combination
of diuretics and fluids. Severe pleural and abdominal
effusions are more efficiently removed by thoraco- and
abdominocentesis, respectively.

Underfilled dogs with or without edema may require
therapeutic volume expansion for acute clinical mani-
festations (eg, vomiting, diarrhea), peri-operatively, or
for worsening azotemia. As the rate of complications
is high in animals with glomerular disease treated with
fluids, the exact indication and the specific goals of
fluid therapy need to be assessed critically and the fluid
rates chosen very conservatively. Careful monitoring

and re-evaluation of the response and safety of the
treatment guide the fluid prescription (see Fig 3).

Non-nephrotic dogs with IRIS CKD stages 3–4
commonly benefit from subcutaneous fluid administra-
tion with improved appetite and activity. It is therefore
likely that a similar benefit could be expected in dogs
with glomerular disease reaching these advanced stages
of CKD. The fluid and sodium load associated with
this treatment should, however, be carefully consid-
ered, especially in hypertensive and volume-expanded,
overfilled dogs or those with NS. Careful titration of
the fluid dose, monitoring of the resorption of the
administered fluid, and evaluation of potential adverse
effects should be performed when this treatment is
chosen.

Nephrotic Syndrome: Diuretic Therapy

When intervention is indicated, the loop diuretic
furosemide is usually recommended as the initial
choice for the treatment of overfilled, nephrotic
humans.70,73,74 To promote natriuresis and diuresis,
this diuretic needs to reach a threshold concentration
at its site of action in the thick ascending limb of the
loop of Henle, through active secretion into the proxi-

Satisfactory response

Indications for intervention

Volume Expanded (VE)
“Over illed Animal“

Volume Contracted (VC)
“Under illed Animal“

Diuretic therapy
• loop diure c

Evaluation of vascular volume (and hydration status)

Cautious luid 
therapy

worsening improving
Evaluate response and safety(BW, hydr., vol., BP SCr, K)

• Increase dose
• Consider CRI
• Consider other 

diure cs

Re-consider volume 
status

• Increase fluids 
(especially colloids)

• If azotemia too severe, 
consider RRT

Satisfactory response

Uncertain

Insufϐicient response
Side effects(hypovolemia, hypotension, increasing azotemia)

Fluid therapy
• colloids
• crystalloids

Side effects(hypertension, edema)

Re-consider need for intervention

Insufϐicient response

Fig 3. Algorithm for treatment of fluid imbalances in dogs with glomerular disease (BW, body weight; hydr., hydration; vol., volemia;

BP, blood pressure; SCr, serum creatinine; K, potassium; CRI, constant-rate infusion; RRT, renal replacement therapy).
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mal tubule. Pharmacokinetic alterations are common
in patients with glomerular diseases, including
decreased renal diuretic delivery and secretion,
increased protein binding of the diuretic in the urine,
increased renal metabolism, and increased sodium and
water reabsorption in downstream segments.70 Altered
threshold of action and decreased maximal diuretic
response often necessitate a careful titration with
higher doses and more frequent administration in
nephrotic patients.75 Administration as a constant-rate
infusion and titration to effect have been recommended
for refractory cases to overcome the short half-life of
loop diuretics and to avoid significant postdose sodium
retention by the kidney. Increased diuretic efficacy has
been shown in normal Greyhounds when furosemide
was administered as a CRI as opposed to intermittent
bolus injections.76 However, no data are available for
nephrotic dogs.

Furosemide is routinely co-administered with IV
albumin in nephrotic humans with severely decreased
serum albumin concentration aiming to overcome
diuretic resistance and to avoid hypovolemia.77 How-
ever, furosemide alone was shown to be equally safe
and effective in a study involving nephrotic children74

and there are no data to support this strategy in
nephrotic dogs.

Humans commonly require a combination approach
with distally acting diuretics, such as spironolactone or
thiazides.75 This sequential nephron blockade needs to
be performed with caution, because a combination
with thiazide diuretics can induce a marked kaliuresis
and the use of potassium-sparing diuretics, such as
spironolactone, can result in severe hyperkalemia,
especially when combined with an ACEi or ARB for
the treatment of proteinuria. Although anecdotal
accounts provide some support for the efficacy of spir-
onolactone in dogs with NS, neither single-drug nor
combination protocols have been evaluated in dogs
with glomerular disease.

Recommendation 17:
When indicated in a dog with glomerular disease,
diuretic therapy with furosemide or spironolactone
may be instituted. Furosemide may be the first
choice drug in dogs with pulmonary edema or
hyperkalemia and spironolactone for dogs with
pleural or abdominal effusion. Furosemide may be
administered at an initial dosage of 1 mg/kg q6–
12h, with incremental increases of 0.5–1 mg/kg q6–
12h or conversion into continuous IV infusion at a
rate of 2–15 lg/kg/min after an initial loading dose
of 2 mg/kg in animals with insufficient response.
Spironolactone may be started at 1 mg/kg q12–24h
and titrated in increments of 1 mg/kg q12–24h to a
maximum of 4 mg/kg q12–24h.

76% of voting consensus members agreed with Rec-
ommendation 17, and 25% of these voters expressed
“strong agreement.”

Goals of diuretic treatment should include a slow
progressive decrease in the edema to a clinically
acceptable condition. Overaggressive treatment should
be avoided because the resulting vascular volume
depletion can lead to worsening azotemia, venous sta-
sis, and thromboembolic disease. Treatment efficacy
should be assessed clinically by serial body weight
measurements. Electrolytes, especially potassium,
should be monitored closely in all animals with glo-
merular disease treated with diuretics, initially within
1 week of initiating treatment. As successful diuresis
can cause exaggerated intravascular volume depletion
and acute decompensation of renal function, physical
examination and serum creatinine should be monitored
even more closely, as early as 1–2 days after initiation
of diuretic therapy in critical patients.

The use and efficacy of additional measures to mobi-
lize edema is controversial and based purely on patho-
physiological considerations.78 Dietary sodium
restriction may seem logical and useful in the light of
inappropriate renal sodium retention in the pathogene-
sis of nephrotic edema. Mild and regular exercise may
help eliminate excessive fluid accumulation and
decrease risk of thromboembolism.79 Although some-
times recommended for dogs with severe edema, rec-
ommendations to institute cage rest in dogs with NS
are not supported by evidence and this approach could
potentially prove detrimental by worsening vascular
stasis and thrombotic risk.

Nephrotic Syndrome: Fluid Therapy

Recommendation 18:
Fluid replacement therapy should be used with
great caution in dogs with glomerular disease
because they are predisposed to fluid overload.
Intravenous fluid therapy is indicated for hemody-
namic stabilization (eg, a patient with dehydration,
poor tissue perfusion) of the patient. Colloids or
plasma/albumin should not be administered solely
on the basis of decreased oncotic pressure, serum
albumin concentration, or total protein concentra-
tion, or for mobilizing edema. The end-point of
treatment should be the patient’s response to treat-
ment (ie, correction of tissue hypoperfusion, hypo-
tension, hypovolemia, dehydration). Judicious
administration of colloids should be considered
when crystalloid fluid support has failed to correct
the patient’s hemodynamic dysfunction.

95% of voting consensus members agreed with
Recommendation 18, and 30% of these voters
expressed “strong agreement.”

Early evaluation of the clinical response should
guide changes in fluid type and administration rate.
Further monitoring should include at least twice-daily
physical examination, with special attention to
hydration and blood volume; twice daily monitoring
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of body weight, BP, and urine output; and daily mea-
surement of serum creatinine, BUN, and electrolytes.

Although the pathophysiologic basis of the
“underfilled theory” supports the use of colloids in
dogs with NS, there are limited clinical data on their
utility in dogs with glomerular disease. Recent studies
in people have suggested that colloids should not be
routinely administered for mobilizing edema80,81 and
may have adverse effects on the kidney.80 It is appro-
priate to consider the judicious administration of col-
loids whenever crystalloid fluid support has failed to
correct the patient’s hemodynamic dysfunction (ie,
tissue hypoperfusion, systemic hypotension, hypovol-
emia, dehydration).

When the fluid status cannot be established with
certainty, a very conservative approach should be
chosen, with critical re-evaluation of the real or per-
ceived needs of the animal. Initially, a similar fluid ther-
apy protocol as for hypovolemic dogs seems safe and
probably appropriate for most animals. It should, how-
ever, be monitored even more closely for adverse effects
and complications, with physical examinations, urine
production, and BP monitoring every 6 h. The trend of
the clinical status will either confirm the treatment choice
or, in case of worsening edema and systemic hyperten-
sion, a change in strategy using diuretics should be
considered to improve salt or water excretion or both.

Acknowledgments

The authors and IRIS GN Study Group thank the
International Renal Interest Society (IRIS) for their
charge and guidance in the development of these rec-
ommendations.

Conflict of Interest: Authors disclose no conflict of
interest.

References

1. Lees GE, Brown SA, Elliott J, et al. Assessment and man-

agement of proteinuria in dogs and cats: 2004 ACVIM Forum

Consensus Statement (small animal). J Vet Intern Med

2005;19:377–385.
2. Jacob F, Polzin DJ, Osborne CA, et al. Evaluation of the

association between initial proteinuria and morbidity rate or

death in dogs with naturally occurring chronic renal failure. J

Am Vet Med Assoc 2005;226:393–400.
3. Brown SA, Finco DR, Brown CA, et al. Evaluation of the

effects of inhibition of angiotensin converting enzyme with ena-

lapril in dogs with induced chronic renal insufficiency. Am J Vet

Res 2003;64:321–327.
4. Brown SA, Brown CA, Jacobs G, et al. Effects of the

angiotensin converting enzyme inhibitor benazepril in cats with

induced renal insufficiency. Am J Vet Res 2001;62:375–383.
5. Lefebvre HP, Brown SA, Chetboul V, et al. Angiotensin-

converting enzyme inhibitors in veterinary medicine. Curr Pharm

Des 2007;13:1347–1361.
6. Grauer GF, Greco DS, Getzy DM, et al. Effects of enalap-

ril vs placebo as a treatment for canine idiopathic glomerulone-

phritis. J Vet Intern Med 2000;14:526–533.
7. Ryan MJ, Tuttle KR. Elevations in serum creatinine with

RAAS blockade: Why isn’t it a sign of kidney injury? Curr Opin

Nephrol Hyperten 2008;17:443–449.

8. Lefebvre HP, Laroute V, Concordet D, Toutain PL. Effects

of renal impairment on the disposition of orally administered

enalapril, benazepril, and their active metabolites. J Vet Intern

Med 1999;13:21–27.
9. Christ DD, Wong PC, Wong YN, et al. The pharmacoki-

netics and pharmacodynamics of the angiotensin II receptor

antagonist losartan potassium (DuP 753/MK 954) in the dog. J

Pharm Exp Therapeutics 1994;268:1199–1205.
10. Bakris GL. Slowing nephropathy progression: Focus on

proteinuria reduction. Clin J Am Soc Nephrol 2008;3:S3–S10.
11. Bakris G, Burgess E, Weir M, et al. Telmisartan is more

effective than losartan in reducing proteinuria in patients with

diabetic nephropathy. Kid Int 2008;74:364–369.
12. Laverman GD, Navis GJ, Henning RH, et al. Dual block-

ade of renin-angiotensin system blockade at optimal doses for

proteinuria. Kidney Int 2002;62:1020–1025.
13. Linas SL. Are two better than one? Angiotensin-convert-

ing enzyme inhibitors plus angiotensin receptor blockers for

reducing blood pressure and proteinuria in kidney disease. Clin J

Am Soc Nephrol 2008;3:S17–S23.
14. McAlister FA, Zhang J, Tonelli M, et al. The safety of

combining angiotensin-converting enzyme inhibitors with angio-

tensin-receptor blockers in elderly patients: A population-based

longitudinal analysis. Can Med Assoc J 2011;183:E309–E311.
15. Bianchi S, Bigazzi R, Campese VM. Long-term effects of

spironolactone on proteinuria and kidney function in patients

with chronic kidney disease. Kidney Int 2006;70:2116–2123.
16. Nabity MB, Boggess MM, Kashtan CE, Lees GE. Day-

to-day variation in the urine protein:creatinine ratio in female

dogs with stable glomerular proteinuria caused by X-linked

hereditary nephropathy. J Vet Intern Med 2007;21:425–430.
17. LeVine DN, Zhang D, Harris T, Vaden SL. The use of

pooled versus serial urine samples to measure urine protein:creat-

inine ratios. Vet Clin Pathol 2010;9:53–56.
18. Segev G, Fascetti AJ, Weeth LP, Cowgill LD. Correction

of hyperkalemia in dogs with chronic kidney disease consuming

commercial renal therapeutic diets by a potassium-reduced home-

prepared diet. J Vet Intern Med 2010;24:546–550.
19. Polzin DJ, Osborne CA, Hayden DW, et al. Influence of

reduced protein diets on morbidity, mortality, and renal function

in dogs with induced chronic renal failure. Am J Vet Res

1984;45:506–517.
20. Brown SA, Brown CA, Crowell WA, et al. Beneficial

effects of chronic administration of dietary omega-3 polyunsatu-

rated fatty acids in dogs with renal insufficiency. J Lab Cin Med

1998;131:447–455.
21. Brown SA, Brown CA, Crowell WA, et al. Effects of die-

tary polyunsaturated fatty acid supplementation in early renal

insufficiency in dogs. J Lab Clin Med 2000;135:275–286.
22. Burkholder WJ, Lees GE, LeBlanc AK, et al. Diet modu-

lates proteinuria in heterozygous female dogs with X-linked

hereditary nephropathy. J Vet Intern Med 2004;18:165–175.
23. Valli VE, Baumal R, Thorner P, et al. Dietary modifica-

tion reduces splitting of glomerular basement membranes and

delays death due to renal failure in canine X-linked hereditary

nephritis. Lab Invest 1991;65:67–73.
24. Jacob F, Polzin DJ, Osborne CA, et al. Clinical evalua-

tion of dietary modification for treatment of spontaneous

chronic renal failure in dogs. J Am Vet Med Assoc

2002;220:1163–1170.
25. Brown SA, Finco DR, Crowell WA, et al. Beneficial effect

of moderate phosphate restriction in partially nephrectomized

dogs on a low protein diet. Kidney Int 1987;31:380.

26. Finco DR, Brown SA, Crowell WA, et al. Effects of die-

tary phosphorus and protein in dogs with chronic renal failure.

Am J Vet Res 1992;53:2264–2271.

Standard Therapy for Canine Glomerular Disease S41

 19391676, 2013, s1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.12230 by C
ochraneItalia, W

iley O
nline L

ibrary on [27/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



27. Bauer J, Crocker R, Markwell P. Dietary N-6 fatty acid

supplementation improves ultrafiltration in spontaneous canine

chronic renal failure. J Vet Intern Med 1997;11:126(A).

28. Brown SA. Oxidative stress and chronic kidney disease.

Vet Clin North Am Small Anim Pract 2008;38:157–166.
29. Pestka JJ. n-3 polyunsaturated fatty acids and autoim-

mune-mediated glomerulonephritis. Prostaglandins Leukot Essent

Fatty Acids 2010;82:251–258.
30. Ferraro PM, Ferraccioli GF, Gambaro G, et al. Com-

bined treatment with renin-angiotensin system blockers and poly-

unsaturated fatty acids in proteinuric IgA nephropathy: A

randomized controlled trial. Nephrol Dial Transplant

2009;24:156–160.
31. Fritsch D, Allen TA, Dodd CE, et al. Dose-titration

effects of fish oil in osteoarthritic dogs. J Vet Intern Med

2010;24:1020–1026.
32. Harris DCH, Chan L, Schrier RW. Remnant kidney

hypermetabolism and progression of chronic renal failure. Am J

Physiol 1988;23:F267–F276.
33. Coleman TG, Guyton AC. Hypertension caused by salt

loading in the dog III. Onset transients of cardiac output and

other circulatory variables. Circ Res 1969;25:153–160.
34. Navar L, Jirakulsomchok D, Bell D, et al. Influence of con-

verting enzyme inhibition on renal hemodynamics and glomerular

dynamics in sodium-restricted dogs. Hypertension 1982;4:58–68.
35. Brown SA, Langford K, Tarver S. Effects of certain vaso-

active agents on the long-term pattern of blood pressure, heart

rate, and motor activity in cats. Am J Vet Res 1997;58:647–652.
36. Pressler B. Nephrotic syndrome. In: Bartges JW, Polzin

DJ, eds. Canine and Feline Nephrology and Urology. Ames, IA:

Blackwell; 2011:415–421.
37. Mahmoodi BK, ten Kate MK, Waanders F, et al. High

absolute risks and predictors of venous and arterial thromboem-

bolic events in patients with nephrotic syndrome. Circulation

2008;117:224–230.
38. Cook AK, Cowgill LD. Clinical and pathological features

of protein-losing glomerular disease in the dog: A review of 137

cases (1985-1992). J Am Anim Hosp Assoc 1996;32:313–322.
39. Charlesworth JA, Gracey DM, Pussel BA. Adult nephro-

tic syndrome: Non-specific strategies for treatment. Nephrology

2008;13:45–50.
40. Mahmoodi BK, Gansevorrt RT, Veeger NJGM, et al. Mi-

croalbuminuria and risk of venous thromboembolism. J Am Med

Assoc 2009;301:1790–1797.
41. Rabelink TJ, Zwaginga JJ, Koomans HA, Sixma JJ.

Thrombosis and hemostasis in renal disease. Kidney Int

1994;46:287–296.
42. Lunsford KV, Mackin AJ. Thromboembolic therapies in

dogs and cats: An evidence-based approach. Vet Clin North

Amer Small Anim Pract 2007;37:579–609.
43. Geerts WH, Bergqvist D, Pineo GF. Prevention of venous

thromboembolism: American College of Chest Physicians Evi-

dence-Based Clinical Practice Guidelines (8th edition). Chest

2008;133:381S–453S.
44. Smith SA. Antithrombotic therapy. Top Companion

Anim Med 2012;27:88–94.
45. Helmond SE, Polzin DJ, Armstrong PJ, et al. Treatment

of immune-mediated hemolytic anemia with individually adjusted

heparin dosing in dogs. J Vet Intern Med 2010;4:597–605.
46. Rackear D, Feldman B, Farver T, Lelong L. The effect of

three different dosages of acetylsalicylic acid on canine platelet

aggregation. J Am Anim Hosp Assoc 1988;24:23–26.
47. Shearer L, Kruth SA, Wood D. Effects of aspirin and

clopidogrel on platelet function in healthy dogs. Research

Abstract.. J Vet Intern Med 2009;23:745.

48. Hoh CM, Smith SA, McMichael M, Byron JK. Urinary

thromboxane metabolites are inconsistently affected by low 1

dose aspirin administration to healthy dogs. Am J Vet Res

2011;72:1038.

49. Brainard BM, Kleine SA, Papich MG, Budsberg SC.

Pharmacodynamic and pharmacokinetic evaluation of clopidogrel

and the carboxylic acid metabolite SR 26334 in healthy dogs.

Am J Vet Res 2010;71:822–830.
50. Mellett AM, Nakamura RK, Bianco D. A prospective

study of clopidogrel therapy in dogs with primary immune-medi-

ated hemolytic anemia. J Vet Intern Med 2011;25:71–75.
51. Grauer GF, Frisbie DD, Longhofer SL, et al. Effects of a

thromboxane synthetase inhibitor on established immune com-

plex glomerulonephritis in dogs. Am J Vet Res 1992;53:808–813.
52. Grauer GF, Frisbie DD, Snyder PS, et al. Treatment of

membranoproliferative glomerulonephritis and nephrotic syn-

drome in a dog with a thromboxane synthetase inhibitor. J Vet

Intern Med 1992;6:77–81.
53. Grauer GF, Rose DJ, Toolan L, et al. Effects of low-dose

aspirin and specific thromboxane synthetase inhibition on whole

blood platelet aggregation and adenosine triphosphate secretion

in healthy dogs. Am J Vet Res 1992;53:1631–1635.
54. Brown S, Atkins C, Bagley R, et al. Guidelines for the

identification, evaluation, and management of systemic hyperten-

sion in dogs and cats. J Vet Intern Med 2007;21:542–558.
55. Brown SA, Walton CL, Crawford P, et al. Long-term

effects of antihypertensive regimens on renal hemodynamics and

proteinuria. Kidney Int 1993;43:1210–1218.
56. Peterson JC, Adler S, Burkart JM, et al. Blood pressure

control, proteinuria, and the progression of renal disease. The

Modification of Diet in Renal Disease Study. Ann Intern Med

1995;123:754–762.
57. Jepson RE, Brodbelt D, Vallance C, et al. Evaluation of

predictors of the development of azotemia in cats. J Vet Intern

Med 2009;23:806–813.
58. Finco D. Association of systemic hypertension with renal

injury in dogs with induced renal failure. J Vet Intern Med

2004;18:289–294.
59. Elliott J, Watson AD. Chronic kidney disease: Staging

and management. In: Bonagura JD, Twedt DC, eds. Current

Veterinary Therapy. XIV. St Louis, MO: Elsevier Saunders;

2009:883–894.
60. Bright JM, Dentino M. Indirect arterial blood pressure

measurement in nonsedated Irish Wolfhounds: Reference values

for the breed. J Am Anim Hosp Assoc 2002;38:521–526.
61. Bodey AR, Rampling MW. Comparison of haemorrhe-

ological parameters and blood pressure in various breeds of dog.

J Small Anim Pract 1999;40:3–6.
62. Kirk CA, Jewell DE, Lowry SR. Effects of sodium chlo-

ride on selected parameters in cats. Vet Ther 2006;7:333–346.
63. Reynolds BS, Chetboul V, Nguyen P, et al. Effects of die-

tary salt intake on renal function: A 2-year study in healthy aged

cats. J Vet Int Med 2013;27:507–515.
64. Gaber L, Walton C, Brown S, et al. Effects of different

antihypertensive treatments on morphologic progression of dia-

betic nephropathy in uninephrectomized dogs. Kidney Int

1994;46:161–980.
65. Hayashi K, Homma K, Wakino S, et al. T-type Ca chan-

nel blockade as a determinant of kidney protection. Keio J Med

2010;59:84–95.
66. Konda T, Enomoto A, Aritomi S, et al. Different effects

of L/N-type and L-type calcium channel blockers on the renin-

angiotensin-aldosterone system in SHR/Izm. Am J Nephrol

2009;30:155–161.
67. Klosterman ES, Moore GE, de Brito Galvao JF, et al.

Comparison of signalment, clinicopathologic findings, histologic

diagnosis, and prognosis in dogs with glomerular disease with

or without nephrotic syndrome. J Vet Intern Med 2011;25:206–
214.

S42 Brown et al

 19391676, 2013, s1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.12230 by C
ochraneItalia, W

iley O
nline L

ibrary on [27/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



68. Littman MP. Protein-losing nephropathy in small animals.

Vet Clin Small Anim 2011;41:31–62.
69. Koomans HA. Pathophysiology of oedema in idiopathic

nephrotic syndrome. Nephrol Dial Transpl 2003;18:i30–i132.
70. Doucet A, Favre G, Deschenes G. Molecular mechanism

of edema formation in nephrotic syndrome: Therapeutic implica-

tions. Pediatr Nephrol 2007;22:1983–1990.
71. Palmer BF, Alpern RJ. Pathogenesis of edema formation

in the nephrotic syndrome. Kidney Int Suppl 1997;59:S21–S27.
72. Schrier RW, Masoumi A, Elhassan E. Aldosterone: Role

in edematous disorders, hypertension, chronic renal failure,

and metabolic syndrome. Clin J Am Soc Nephrol 2010;5:1132–
1140.

73. Vasudevan A, Mantan M, Bagga A. Management of

edema in nephrotic syndrome. Ind Ped 2004;41:787–794.
74. Kapur G, Valentini RP, Imam AA, Mattoo TK. Treat-

ment of severe edema in children with nephrotic syndrome with

diuretics alone – A prospective study. Clin J Am Soc Nephrol

2009;4:907–913.

75. Ernst ME, Gordon JA. Diuretic therapy: Key aspects in

hypertension and renal disease. J Nephrol 2010;23:487–493.
76. Adin DB, Taylor AW, Hill RC, et al. Intermittent bolus

injection versus continuous infusion of furosemide in normal

adult Greyhound dogs. J Vet Intern Med 2003;17:632–636.
77. Dharmaraj R, Hari P, Bagga A. Randomized cross-over

trial comparing albumin and frusemide infusions in nephrotic

syndrome. Pediatr Nephrol 2009;24:775–782.
78. Grauer GF. Management of glomerulonephritis. In: Elliot

J, Grauer GF, eds. BSAVA Manual of Canine and Feline

Nephrology and Urology, 2nd ed. Gloucester, UK: British Small

Animal Veterinary Association. 2007:231–238.
79. Bagga A. Revised guidelines for management of steroid-

sensitive nephrotic syndrome. Indian J Nephrol 2008;18:31–39.
80. Myburgh JA, Finfer S, Bellomo R, et al. Hydroxyethyl

starch of saline for fluid resuscitation in intensive care. N Engl J

Med 2012;367:1901–1911.
81. Raghunathan K, Shaw AD, Bagshaw SM. Fluids are drugs:

Type, dose and toxicity. Cur Opin Crit Care 2013;19:290–298.

Standard Therapy for Canine Glomerular Disease S43

 19391676, 2013, s1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvim

.12230 by C
ochraneItalia, W

iley O
nline L

ibrary on [27/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


