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Can we predict and diagnose 
early or are they aliens from 

outer space?
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On the Menu

1. Pathogenesis of CKD (the great 
mystery)

2. Diagnosis of feline CKD in 
everyday practice (crystal ball?)

3. Early diagnosis and prediction: 
Revenge of AI and the 
biomarkers

4. Clinical signs, IRIS Staging: Why 
are we doing all of this?

5. Treatments, anything new?

Thank you!!!
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Sketch

• 11-year-old FS Calico
• Pre-dental exam: no concerns
– ”Ge$ng older”
–Weight 5.75kg (6.2kg 2y ago)
– In-house labs: 
• USG 1.038
• Crea.nine 132umol/L (44-180umol/L)
• BUN 8.5mmol/L (3.6-10.7mmol/L)
• Phosphorus 1.3mmol/L (1.1-2.6mmol/L)

Poll: Does Sketch has evidence of CKD?
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What We Traditionally Do…

Well J
• IRIS Stage Feline CKD
• Improve quality of life
• Diagnose once a patient is 

symptomatic
• Diet as therapy
• Proteinuria and 

hypertension

Not Well L
• Early diagnosis and 

treatment, acute kidney 
injury (AKI)

• We forget about post renal 
causes of azotemia

• Understanding the 
pathophysiology

• Still lots of grade 4 evidence-
based treatments
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Veterinary CKD Paradigm Shi=s
Elliott J, et al., J Small Anim Practice, 2000: 
Cats with CRF fed the veterinary diet 
survived longer when compared with those 
that were not (633 days vs. 264 days).

Ross SJ, et al., JAVMA, 2006: CKD cats fed a 
renal diet survived longer and had fewer 
uremic crises. 

Syme HM, et al., JVIM, 2006; King JN, et 
al., JVIM, 2007: Survival of cats with CKD is 
related to severity of proteinuria and it is a 
negative prognostic indicator.

Jepson RE, et al., JVIM, 2009: High normal 
creatinine predicted development of CKD, 
and 30% of cats aged 9+ likely to develop 
CKD.

King JN, et al., JVIM, 2007: Proteinuria 
significantly decreased with benazepril.
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Current Paradigm
(Behind the Curve)

• Clinical signs appear
• Azotemia present
• Slow progression
• Treat symptoms
• Quality of life

New Paradigm 
(Ahead of the Curve)

• Prior to clinical signs
• Predic<on and early 

diagnosis
• Slow/prevent 

progression
• Early treatments

CKD Paradigm Shift in our Thinking
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1. CKD = Permanent Decrease in GFR
CKD = Chronic + Kidney Disease

• Decrease in GFR = increase in serum waste products 
that are supposed to be eliminated by the kidneys

• The problem… BUN and creatinine (the main waste 
products) are poorly sensitive as markers
– Creatinine MUCH more reliable than BUN
– What about USG?

• Another problem: we forget that CKD is about 
CHRONIC disease originating from the KIDNEYS
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But… What’s the Cause?
• Primary renal diseases

– Ex: congenital renal dysplasia (rare)

• Viruses
– FIV

– Paramyxovirus (feline morbillivirus)

• Age
– Nope, not the cause (telomere 

study from CSU)

• Extra-renal diseases
– Ureteroliths; more and more cats

• Environment, diet
– Role unclear; phosphorus maybe?

• Vaccinations
– Frequent vaccinations may be 

associated to CKD in cats

• RAAS, hypertension
– Nope; activated in excess after 

development of CKD

• Multiple active kidney injury
– Very likely in cats

The end game is tubulointerstitial nephritis

8

AKI Model of CKD
• Acute, active kidney injuries (such as INFLAMMATION, TOXIC OR ISCHEMIA) 

likely cause maladaptive repair mechanisms
– Which then initiates CKD
– Becomes more susceptible to damage, and repeated damage
– Javard 2017 JVIM: CKD progression strongly associated with worsening inflammatory 

mediators

• Mini damage progresses over time until we can finally diagnose it with 
our current methods

Cowgill et al. Is progressive chronic kidney disease a slow 
acute kidney injury? Vet Clin Small Anim 46 (2016)

Poll: What % decrease in renal mass will lead to increased creatinine?
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CKD?
Rule out post renal 

and acute  azotemia

Renal azotemia 
and inappropriate

USG

No azotemia but 
inappropriate USG

No azotemia, 
normal USG but 

structural changes

Decrease in renal 
function for at 
least 3 months

2. Diagnosis and Prediction of Feline CKD:
How have we traditionally done this in everyday practice?

75% decrease of nephron mass 68-70% decreased renal function Unknown
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So we have not been good at 
diagnosing kidney disease when…

Ø Creatinine is in normal range.
Ø There are no changes in urine specific gravity (USG).
Ø There are no clinical signs.

• Early CKD (IRIS Stage 1-2) has been a “mystery”
– Is it real? And who cares, can’t do anything about it?
– Can we predict which cats will develop CKD?
– 30% of cats in stage 1 will go into stage 2 within 1 year…

• But CKD has a strong prevalence:
– Cats 30%–40% >10 years of age, also AKI model
– Dogs 0.37%–3.74%

Ø Hence the need for other tools
Not just early diagnosis, but prediction

Stage 1? Boring. Just like cats.
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Prediction 
models

More sensitive 
tests of GFR

Geriatric patients

Yearly screening, 
prediction and earlier 

detection of kidney 
disease

Beeer preparafon for 
anesthesia (dentals, 
mass removals etc.)

Any patient
More sensitive for AKI, 
congenital disorders, 
non renal azotemia

CKD patients
Monitoring of 

treatment outcomes, 
earlier detection of 

changes

Early Diagnosis or Prediction is Good
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3. Early Diagnosis: Biomarkers
Biomarker Indication Advantages Disadvantages Methodology

Cystatin C GFR, AKI Good for CKD 
detection

Effect related to age 
and weight

Immunoassay

Retinol Binding 
Protein

AKI, CKD Stable Large variation with 
cats and CKD

ELISA, Western Blot

Α1- microglobulin AKI, CKD Stable Lower with hepatic 
disease

ELISA, immunoassay

B2-microglobulin AKI, CKD Good estimate of 
GFR in dogs

Non stable in acidic 
urine, less effective 
with disease 
progression

ELISA

Urinary clusterin AKI Early AKI, active AKI Hemorrhage Immunoassay

GGT AKI One urine sample Unstable in acidic 
urine, hematuria, 
pyuria

Automated analyzer

NGAL AKI, CKD Urine, serum, 
plasma

Neoplasia, 
inflammation, 
hematuria, pyuria

ELISA
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Early Diagnosis: SDMA
• Symmetric dimethylarginine

– Methylated form of the amino acid arginine

– Produced by all cells and released into circulation during protein 
degradation
• Excreted almost exclusively by the kidneys

– Increases at 40% of renal dysfunction (20%–40%)
• Isosthenuria: 67-70% function loss
• Azotemia: 75% function loss

– Can identify CKD an average of 10 months earlier in dogs and 17 months 
sooner in cats

• DOES NOT REPLACE YOUR OTHER TESTS
– Synergistic approach
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Serum Creatinine

• Increases at 75%  loss

• Specific

• Not sensitive

• Decreases with muscle mass

• Decreases with hyperT4

• Biologic variability 15-20%

• Affected by hydration, diet

• Variable reference ranges

Serum SDMA

• Increases at 40% loss

• Specific

• More sensitive

• Not affected by muscle mass

• Less affected by hyper T4

• Biologic variability 15-20%

• Not affected by diet

• Less variable ref. range
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So: CKD Diagnosis

CKD?

*Renal azotemia 
and inappropriate

USG

Rule out ureteral 
disease and AKI

*Persistently 
elevated SDMA

Rule out ureteral 
disease and AKI

Inappropriate USG

Rule out other 
causes of 

decreased USG

Structural changes

Ultrasound, 
radiographs, 

palpation

Decrease in renal 
function for at 
least 3 months

* = most sensitive and more specific

Poll: Can we predict which cats will develop CKD?
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Can We Predict CKD?

• Association and development of CKD:
– Progressive weight loss (even small amounts)
– Chronic renal proteinuria
– Upper range creatinine
– Evidence of chronic inflammatory diseases and 

ischemic events
– High phosphorus (high protein?)
– Frequent/annual vaccinations (cats)
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13 healthy cats fed phosphorus excess diet (HP) vs. 13 control diet for 30 days
• High bioavailability, content similar to some commercial diets and treats

• 9/13 HP cats had microalbuminuria and glucosuria

• Endogenous creatinine clearance decreased significantly for HP group

Coming Back to Diet?
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Is Phosphorus a Culprit?

• Links of excessive phosphorus intake 
being nephrotoxic in humans

• Retrospective study: 16 cats that 
developed CKD showed significantly 
higher P and protein intakes prior to 
diagnosis vs. control cats (home-
made diets with P in excess of RDA)
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• Median weight loss of -8.9% body weight in the 12 
months prior to diagnosis of CKD

• Weight loss already present 3 years prior to diagnosis

• Accelerated weight loss after diagnosis, association with 
IRIS stage
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Machine Learning?

• >106,000 cats over 20 years EHR
• BUN, creatinine, USG, age
• 3 CKD status: CKD, probable CKD, no CKD

• SS 91%, SP 99% when near CKD dx
• 1y prediction: SS 63% SP 99%
• 2y: SS 44% SP 99%

• Machine model can lead to early prediction of CKD
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And Therefore: CKD Prediction

Which animal will develop CKD?

Chronic inflammatory 
diseases, ischemic 

events

Can be anything but 
think periodontal 

disease, recent 
anesthesia

Machine learning 
programs

Work in progress

Renal proteinuria, 
upper-end creatinine

Rule out other causes

Weight loss

Median weight loss 
of 10% one year prior

Prediction may mean we can limit CKD!

22

4. Clinical Signs, IRIS Staging
• Variable and depends on 

how advanced the 
disease is
– In general: dogs seem to 

have earlier clinical signs 
than cats
• Cats seem to “tolerate” and 

hide azotemia better

Common clinical signs

Weight loss

PU/PD

Decreased appetite

Vomiting, nausea

Poor haircoat

Urinary tract infections (think: older 
animal with UTIs: rule out CKD

Rarely; hypertensive retinopathy

Lethargy

Rarely: heat-seeking behaviour
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International Renal Interest Society (IRIS) 
Staging of CKD

http://www.iris-kidney.com/

Poll: What stage of CKD has the most treatment/monitoring recommendations?
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• What does staging do 
for us? Tells us what 
to monitor and how 
to treat.

• New IRIS Guidelines 
for treatment 
includes more 
treatment 
recommendations on 
Stage 1.

• Stage 1 has long been 
forgotten because 
cats rarely have 
visible clinical signs. 
But that is changing 
now.
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SDMA is useful for:

• Early diagnosis
• Persistent SDMA > 14µg/dL (SS 

90% but SP 50%)
• >18µg/dL (SS 90% SP 83%)

• Late staging
• Discrepancy between creatinine 

and SDMA from muscle loss

IRIS Staging and SDMA

Remember: SDMA is more 
sensitive at detecting GFR changes 
and is not impacted by muscle 
loss
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IRIS Staging of CKD and SDMA

SDMA
>18µg/dL

SDMA
>14 

(18)µg/dL

27

SDMA and Weight Loss Vs. Creatinine

SDMA
≥25 µg/dL

28

SDMA
≥38 µg/dL

SDMA and Weight Loss Vs. Creatinine

29

1-year-old cat:
• Creatinine 300µmol/L
• SDMA 52 µg/dl

What IRIS CKD stage is this cat?

30
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In-House Feline Serum Chemistry Result Range

Phosphorus 1.3mmol/L 1.1-2.6 mmol/L

Urea Nitrogen (BUN) 8.5mmol/L 3.6-10.7 mmol/L

Creatinine 132mol/L 44.2-180 mol/L

SDMA 16 µg/dl <14 µg/dl

• Evidence of early kidney disease
• Paradigm shift in our thinking
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CKD?
Diagnosis

Structural damage

Inappropriate USG 
with no other causes

IRIS Staging

Renal azotemia and 
inappropriate USG

Proteinuria Dogs UPC Cats UPC

Proteinuric
(P): treat

>0.5 >0.4

Borderline 
proteinuric
(BP): monitor

0.2-0.5 0.2-0.4

Non 
proteinuric
(NP)

<0.2 <0.2

SDMA >14mg/dl

Hypertension Systolic 
Blood 
Pressure

Diastolic 
Blood 
Pressure

Stage 0 <150mmHg <95mmHg

Stage 1: 
monitor

150-159 95-99

Stage 2: treat 160-179 100-119

Stage 3: treat >180 >120

Stage Dogs 
(creatinine 
umol/L)

Cats 
(creatinine 
umol/L)

Stage 1 <125 <140

Stage 2 125-179 140-249

Stage 3 180-439 250-439

Stage 4 >440 >440

Or

Or

Or

IRIS Sub staging

Important to 
diagnose CKD 
before staging
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Feline CKD Prognosis
(Dogs: likely faster disease progression)

• Depends on how fast disease progresses
– Can have stable disease for years

• IRIS Upper Stage 2: median survival time 1151 days
– IF not proteinuric or hypertensive (both negative prognostic indicators)
– IF treated appropriately

• IRIS Stage 3: 679 days

• IRIS Stage 4: 35 days

Boyd, Langston 2008 JVIM
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Predicting Progression

• High phosphorus + UPC predicted progression in all stages

• Lower PCV, higher UPC predicted progression in stage 2
• UPC was 0.23 in progressive cases and 0.13 in stable cases
• PCV was 33% in progressive cases and 36% in stable cases

Hence why it will be important to treat your patients accordingly
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5. Treatments

• Goals
– Improve quality of life

• Minimize uremic syndrome

– Prolong life

– Slow progression of disease
• As disease progresses, more complications from azotemia + uremia

– Prevent the disease?

– Owner’s quality of life
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Primary CKD Treatments

Treatment What When Why
Renal diets Multiple; split into early and 

later CKD diets
• Stage 1, early stage 2: 

early renal diets or 
geriatric diets

• Stage 3: renal diet
• Stage 4: renal diet, or 

anything they want to eat

Grade 1 evidence 
(stages 2-4); reduces 
uremic crises, prolongs 
life

Phosphorus 
binders

• Aluminum hydroxide
• Calcium carbonate
• Lanthanum carbonate

• See IRIS guidelines
• If diet cannot get you to 

targets

Likely an important 
“killer” of the kidneys

Appetite stimulants Mirtazapine • Whenever; usually stage 
3+4

Eating is important

Anti-nausea 
medications

Maropitant Whenever; usually stage 3+4 Feeling good is 
important

SC fluids LRS (does not sting) Usually at stages 3+4 Only use when an 
animal cannot maintain 
hydration

Proteinuria, 
hypertension

• Benazepril
• Telmisartan
• Amlodipine

When present Negative prognostic 
indicators
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Consensus Statements to Help
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Renal Diet

• Cats
– 2006 Ross et al: Randomized study (24 months)  
– Cats in mid-stage 2 or 3
– Uremic crisis 0% vs. 26%
– Death from renal cause 0% vs. 22%
– No change in LBM

Elliott et al 2000: Cats lived 2.5y longer at IRIS stage 3 on RD
Plantinga et al 2005: RD survival 16 months vs. 7 months
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So, When You First Diagnose CKD:

Do:
• Worry about hydration
• Stimulate their appetite
• Treat for nausea
• Check for hypertension
• Let them eat what they 

want, gradually introduce 
renal diet

• Screen for proteinuria

Do not:
• Treat for 

hyperphosphatemia 
(recheck 1 month later)

• Treat blindly for proteinuria
• Give them treatments with 

little to no evidence
• Start famotidine or 

sucralfate (or omeprazole)

Get them feeling better (i.e. treat as a GI patient) 
usually for first month, then recheck phosphorus 
and gradually switch to just renal diet
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- 80 cats aged over 9 years age, all had normal creatinine at start
- Renoprotective test food vs. owner-choice food

- Over 6 months: SDMA did not change for cats fed renal diet vs. 
increase in SDMA in owner-fed diet

- 30% started at or developed stage 1 CKD based on SDMA
- SDMA increased in most cats on owner-fed diet
- SDMA decreased/stayed stable on renoprotective diet

What If We Could Treat Prior to Clinical 
Signs (Stage 1)?
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New Paradigm: Early diagnosis + intervention has benefits:

• May slow CKD progression

• Early diagnosis = earlier intervention for proteinuria, phosphorus 
disorders and hypertension

• Stage 1: either a “renal friendly” diet: moderate or modified 
protein, lower phosphorus and sodium, higher omega-3 fatty acids, 
not acidifying, anti-oxidants (geriatric diet), or an early-stage renal 
diet

41

Secondary Renal Hyperparathyroidism

⬆ Phosphorus

⬆ FGF-23

⬆ PTH

⬆ PTH

⬆ Ca, P

⬆ Phosphaturia

⬇ calcitriol

FGF-23 ⬇ calcitriol

⬇ Calcium

42
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Secondary Renal HyperPTH

• Studies have shown:
– Secondary renal hyperparathyroidism common in 

CKD 76-84% dogs/cats, certainly in stage 4

– Increased PTH and FGF-23 predicted the 
development of CKD (Finch 2012, 2013)

– Increasing PTH and FGF-23 also predicted which 
cats progressed faster when in CKD (Geddes 2013, 2015)

• So… what about an FGF-23 test?
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Chronic kidney disease?
Confirm diagnosis, stage 

and substage

Normal
(<299pg/ml)

No interven_on, recheck 
3-6 months

Borderline
(300-399pg/ml)

Early phosphate overload 
and mineral 

dysregula_on

Review diet, other 
factors

Phosphate binders?
Recheck 3-6 months

Elevated
(400pg/ml)

Phosphate overload and 
mineral dysregula_on

Phosphate binders, diet, 
other factors

Recheck 3-6 months

Stage 1-2
Phosphorus <1.5mmol/L
FGF-23 Recommended 

FGF-23 recheck
If <20% at recheck:  change therapy

If 50% or more: stay the course
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Phosphate Binders
VERY IMPORTANT to control hyperphosphatemia

• Renal diet: not a binder but one of your best 
treatments! Try renal diet for one month first to 
see if this controls your phosphorus

• Aluminum hydroxide
– Aluminum containing phosphate binder

• Aluminum toxicity:
– Anemia

– Neurologic manifesta;ons

• Calcium carbonate
– Evidence of efficacy stage 1-2
– Chitosan

• Lanthanum carbonate
– Works but expensive
– Studies on healthy cats • Normal cats vomit with sucralfate

• CKD cats vomit even more with sucralfate
• No changes in phosphorus (study stopped)Poll: When do we use antacids?
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Uremic Gastropathy

• GI ulceracon not found in any stage of CKD

• But evidence of gastric mineralizacon especially in 
moderate/severe azotemia

• Ca X P product associated with disease severity and 
mineralizacon

• Acid suppressors not recommended for CKD in cats or dogs in stages 1-3

• Chronic acid suppression leads to decreased calcium absorpfon and increased 
PTH acfvity, worsening mineral bone loss
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When to Treat Renal Proteinuria?
• IRIS currently recommends UPC >0.4 

once azotemic
– Syme 2006: survival 1000d with 

UPC<0.2, 500d with UPC 0.2-0.4, 
400d with UPC > 0.4

– Chakrabarc 2012: UPC was 0.23 in 
progressive cases and 0.13 in stable 
cases

– Jepson 2009: Group that developed 
azotemia had proteinuria at entry 
but in low levels (UPC 0.14 vs. 0.19)
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• Non-inferiority study
• ARBs likely improve proteinuria 

more efficiency and significantly
• Survival not looked at

Benazepril significantly decreases 
proteinuria but does not seem to effect 

survival in cats (vs. dogs)

Benazepril did not seem to slow 
progression of CKD

• Dog with GN refractory to benazepril
• ACEi decreased to SID and 

telmisartan added

ACEi vs. ARB
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CKD Proteinuria?
Start ACEi or ARB

UPC below 0.2 UPC 0.2-0.4 UPC > 0.5

Recheck UPC,
BP, renal values, 
K+ in 1-2 weeks

• YOU DID IT!!! Stay the 
course and recheck in 3-6 
months

• Likely acceptable…worth 
rechecking or tweaking 
therapy?

• Increase ACEi or ARB dose
• Other therapies (diet etc.)
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AppeZte SZmulants, Nausea
Significant increase in appefte, 
acfvity, and weight; decrease in 

vomifng

Works despite variability in topical 
gel compounds

Significant decrease in vomifng over 
2 weeks
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Hypertension
• 20-60% of cats with CKD

• Further kidney damage

• Cardiac compromise

• Ocular damage

• CNS damage

• 3X more likely to die or have 
progression

Treatments: amlodipine, telmisartan, ACEi
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Hypertension
• Calcium Channel Blockers (#1 for 

cats?)
– Reduce aeerload
– Amlodipine

• 0.625-1.25 mg per 5 kg daily for cats

– Effeccve as single agent in 60% of cats
– Chewable form works

• ACE Inhibitors (dogs?)
– Reduce preload and aeerload
– But oeen BP not controlled, can use 

amlodipine

• ARBs now have FDA approval for 
hypertension in cats
– Telmisartan effeccve 2mg/kg/d
– Likely beher also for dogs + GN + 

proteinuria
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What About Giving Fluids?
• Dehydracon

– No studies… but a no brainer? One old study: dehydracon lowers GFR

• Cooley, Caney, Sieberg, Quimby, ACVIM 2016 abstract
– Subcutaneous fluid prac<ces in 468 cats stages 2-4; 95% 

recommended fluids

– Most gave SC fluids,  79% easy/ok to learn
• Food, warmed fluids* helped a lot
• Needle size and <me to administer affected tolerance

– Only 42% received educa<onal material
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Metabolic
Thirst
Diet

Sensible
(Urine, feces 

etc.)

Insensible*
(Breathing, 

perspirafon etc.) 

Euhydra(on

Insensible losses*
22ml/kg/d Cats may have a lower thirst drive in dehydraeon vs. dogs

54



2022-10-31

10

55

SQ AdministraZon
LRS preferable, can add potassium

• Up to 12 hours of maintenance 
needs at a cme SQ
– Anything more requires different route

• Typically deliver 10-20ml/kg per 
site
– Deficits not corrected if > than 5%

Hi. My name is Sketch. I’m a 
Calico. Impa7ent. And strange.

Other strategies needed: organic osmolytes?
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Nutrient-Enriched Water: Purina Pro Plan 
Veterinary Supplements: Hydra Care™

• Nutrient-enriched water to improve 
hydracon indices

• Organic osmolytes derived from whey 
protein isolates and glycerin

• Intracellular water regulacon and also 
osmoregulacon
– Absorpion and retenion of water

• Paradigm shir in helping to balance water 

intake
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Meloxicam and… CKD?

• 38 cats with DJD with 22 cats with CKD (mostly stage 2)
• Controls: cats with and without CKD, and not on meloxicam
• 300+days of treatment; median dose 0.02mg/kg/d

• No progression of CKD; cats with CKD may have progressed more slowly
• Slower creacnine increase but no change in stage for either group
• Decline in BCS in all groups

• Conclude safe for cats aged 7y+ at this dosage (selecfon bias? Selected cases, 
no cats had ACEi)
• Other study concluded no change in survival cme for CKD cats on meloxicam
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Suspect New CKD?

Dehydrated?

Hydrate (IV or SC)

Decreased 
appe_te?

Appe_te 
s_mulants, dietary 

encouragement

Nausea?

An_-nausea 
medica_ons

Hypertension?

Treat now

Rule out pre and 
post renal 

azotemia, AKI

Pa_ent beier?

1-3 weeks

Phosphorus 
binders SC fluids if neededProteinuria 

treatmentRenal DietOther therapies
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CKD Monitoring

Test Frequency Frequency Frequency

Physical q 6 months q 3 months Monthly

Biochemistry/SDMA q 6 months q 3 months monthly

CBC q 6 months q 3 months q 1-2 months

Urinalysis/UPC q 6 months q 6 months q 3 months

Culture q 12 months q 6 months q 3 months

BP q 6 months q 3 months q 3 months

Ultrasound As needed As needed As needed

Stage I-II Stage III Stage IV

How would have Sketch’s care changed?
• Ruled out post renal causes
• Early renal diet
• Closer monitoring of UPC, BP
• More care with anesthesia, medicafons
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Conclusion
• CKD is a progressive, serious disease

• Lots that we know, even more we don’t know

• Early diagnosis and predickon important

• New treatments aimed at slowing disease down, 
and new approach aimed at proteckng the kidneys

• Change in paradigm from diagnosis/treatment 
when clinical signs are present, to earlier 
diagnosis/treatment and maybe prevenkon with 
predickon
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schalhou@ucalgary.ca

THANK YOU!
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