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●The Chronic Cirrhotic 
−Manganese – a sidebar about diet - can it play a role?

●Copper the primary or secondary hepatotoxin
−Requirements in dogs and cats.
−Why all the copper in dog food?
−What to do when they won’t eat the limited options? 
−The quaqmire between vet med and industry

●Cardiac Disease and Diet
−DCM and the grain free craze
−Taurine? Carnitine?
−Why can’t it be reproduced?
−Not a convincing argument regarding GF diets as cause
−The real problem with Grain free – IMHO

Today’s topics



●Most hepatobiliary disorders 
result in global or zonal 
degeneration.
●Regardless of the 

pathogenesis the dietary 
recomms. are similar.
−Autoimmune, genetic, toxic and 

idiopathic degeneration 
−Congenital shunts and acquired 

shunting

Cirrhosis/Bridging Fibrosis



●Easily digestible
●Highly palatable
●Calorically dense
●Small frequent feeding

−Moderate protein (20-40% DM; 50-100 g/1000 kcals)
−Moderate Fat (20% DM; 20 plus g/1000 kcals)
−Moderate CHO (30-40% DM; 75-100 g/1000 kcals)

Dietary Recomm. in non-complicated 
hepatobiliary disease



●Goals 
−Prevent hepatic encephalopathy

• Protein titration is important
• Minimally start with 2.5 g/kg in dogs 

(Ideal BW)
• Minimally start with 3.5 g/kg in cats 

(Ideal BW)
• Add 0.5 gm more per week.

−Prevent catabolism of lean mass
• Positive nitrogen balance
• Studies from the 70’s suggest proper 

amino acids can alleviate 
encephalopathy

Protein and Hepatobiliary Disorders



●Dogs 
−If intolerant go to minimum NRC 1.33 g/kg/BW.

●Cats
−If intolerant go to NRC minimum 2.5 g/kg/BW

●Puppies (3 months) - usually a shunt scenario
−If intolerant start at 6.5 g/kg/BW and titrate downwards 1 

g/kg each month.  At 6 months of age you can be at 
2.5g/kg/BW if covering amino acid needs

●Monitor albumin, BUN, and CK 
●Ammonia levels if available.

Hepatic Encephalopathy



●Many human studies have found 
that manganese accumulation 
occurs in various nuclei
●Manganese has been associated 

with encephalopathic behavior
●Manganese accumulation in 

astrocytes is associated with 
dysfunction
●Primary manganism occurs with 

certain professions
−Welders.
−Parkinsonian signs, irritability, 

depression and cognitive deficits.

Manganese and Encephalopathy



●Primary means of elimination 
is enterohepatic.
●Do PSS dogs have higher 

serum Mn?
●Fasting serum 

−18 PSS Dogs
−14 Healthy
−26 other illness

Dogs, PSS and Manganese

Gow AG et al, JVIM, 2010



Dogs and Manganese



Dogs and Manganese

• 13 dogs with PSS 
• 10 of 13 with lentiform 

nucleus lesions
• All had some degree of 

cortical atrophy in frontal and 
parietal lobes

• One showed resolution After 
post ligation

• 3 cats with PSS
• One of 3 had lesion in 

lentiform 

Before ligation 

After ligation

Torisu et al, Vet Rad & US, 2005.



Manganese in food

• 45 over the counter brands 
(Gagne et al, 2013) 

• Minimum AAFCO
• 1.25 mg/1000 kcals

• Royal Canin Hepatic 
• 18 mg/1000 kcals (dry)
• 7 mg/1000 kcals (wet)

• Hill’s LD diet
• 8 mg/1000 kcals (dry)
• 2 mg/1000 kcals (wet)



●Bedlington, Doberman, Labs, Dalamation, Westie
−See accumulation in some cirrhotic hepatobiliary disorders 

–secondary vs. Primary?
−Increasing numbers of breeds are being affected as 

primary disease
−Is there really a problem with foods?
−Opinion: Far worse of a problem than the “DCM crisis” – 

yet getting little attention. 
●Interventions?
−D-Penicillamine  the go to for the internist (trientine)
−Low Copper Diet  Few choices
−Zinc chelates  decrease copper absorption

What about Copper toxicity?



●Cupric oxide was banned as a feed ingredient in animal feed 
due to agricultural deficiency problems. 
●Most of industry decided to use copper sulfate or 

organic/amino acid chelates.

What happened in the mid 1990’s 



It was a nail in the coffin for oxides!



●Cat Data
−Kitten – Goong et al; growth rate 

supported by 3 ppm in diet of 
copper sulfate.

−Fascetti et al; Gestation in queens 
– depleted and then provided 
varying copper levels from sulfate 
or oxide

−oxide caused further depletion 
based on single cat biopsies from 
each group

−May affect conception between 3-
6 ppm in diet. 

−Adult Cats – no data
●NRC – kittens 1.1 mg/1000 

kcals; adults 1.2 mg/1000 
kcals

Dogs and Cats

• Dog Data
• Puppies – Baxter et al, 1953 - 

1 ppm in diet (unknown 
source) showed deficiency in 
soy and milk diets –collagen 
deficits and anemia

• Puppies – Czarnecki Maulden 
et al, 2007 supports 2.7 
mg/1000 kcals supports RBC’s

• Adult dogs – no data
• NRC – pups -2.7 mg/1000 kcals; 

Adults 1.7 mg/1000 kcals



●AAFCO – 2.7 mg/1000 kcals in pups; 1.7 mg/1000 kcals in 
Adults; No SUL
●FEDIAF – 2.75 mg/1000 kcals in pups; 1.8 mg/1000 kcals in 

Adults; SUL – about 7 mg/1000 kcals
−What's the SUL difference – FEDIAF did this due to environmental 

exposure.
−AAFCO (CVM-FDA) and EPA – do not work hand in hand

●Both FEDIAF and AAFCO suggest that adult minimums and 
SUL must be established based in science – not arbitrary.

Current AAFCO and FEDIAF Guidelines



What about dogs?

Data from Dr. Sharon Center

Mean Hepatic Copper in Dogs from 
Publications

 Canine Hepatic Cu ug/gm DMB vs Year
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Labrador Retrievers: n=1,094  (Hepatitis: 619; No-Hepatitis: 475)
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More Copper in Dogs



●None in cat and dogs as prior data was acute tox so 
removed from SUL by AAFCO
●No chronic consumption data or minimal.
●Well there is one study from 1972 that AAFCO cites as a 

means to not establish a SUL

What about SUL?

Dog 
 
         A 1-year chronic study was conducted with male and female beagle 
    dogs to evaluate the potential oral toxicity of copper gluconate 
    administered at levels of 0.012, 0.06 and 0.24% of the diet. These 
    levels were equivalent to 3, 15 and 60 mg/kg bw per day. After 6 
    months of ingesting such diets, 2 animals of each sex were sacrificed 
    and necropsied. Weight gains and food consumption values were similar 
    for the control and treated groups. Overall health, haematology and 
    urinalysis were comparable to controls. After 1 year, minimal liver 
    function changes were observed in 1 of 12 dogs receiving the 0.24% 
    copper gluconate diet, a change that was reversed following a 12-week 
    withdrawal period. Accumulation of copper in liver, kidneys and spleen 
    was seen at the high dose. No compound-related effects were seen at 
    the lowest dose and there were no compound-related deaths or gross or 
    microscopic pathological lesions in any dog (Shanaman et al., 1972). 



●Assumption was molecular 
weight of copper is 63.5 – 
copper gluconate is 453. 
14% of molecule
●So food quantity is

−0.012% - 17 mg/kg
−0.06% - 85 mg/kg
−0.24% - 425 mg/kg

A little Math

• Assume food was 4 kcal/g – 
beagle (10 kg) eats 200 g 
food at high RER.

• 10 kg dog would get 
• 3.4 mg = 0.34 mg/kg
• 17 mg = 1.7 mg/kg
• 85 mg = 8.5 mg/kg

• SUL proposed at 1.7 mg/kg 
BW or 85 mg/kg DM diet

Copper in the kidney and liver did increase in all groups as much as we can ascertain
 from this unpublished study.
 



FDA - CVM



●Sporting Labrador eating 1700 kcals a day of a food that is 
350 kcals per cup = 100 grams per cup – 485 grams
●Shanaman suggesting 30 kg dog at 1.7 mg/kg = 51 mg
●What if dog is eating one of the foods with 100 ppm = 47 

mg/kg maybe a lot longer than 1 year
−What if form of copper is more absorbable than copper gluconate?
−If we know sufficiency what is the harm of 10x as a limit?
−Has been proposed – but largely ignored. 
−OF course we are dealing with a susceptible breed!
−Why not have a low copper claim so owners can make 

informed decisions?  Will also create industry awareness!

Here is the problem -Some more math



Are Dogs more sensitive to copper?



●Examine Labradors with 
copper hepatopathy
●11 Labradors followed post tx 

for progression before any 
diet treatment initiated – 
maintenance OTC diet given 
−Increased copper after 8-9 

months

Well - Do Low Copper Diets work?

Hoffman et al, JVIM, 2009



●2 dietary strategies (21 dogs)
−D- Pen treatment 3-6 months
−Hepatic LS – 4.8 ppm of copper
−Hepatic LS + Zinc

• Zinc given at 10 mg/kg

●Biopsies
−Start
−Recheck 1 – average 6 m
−Recheck 2 – average 1 yr

Low Copper Diets



• RC Hepatic – Dry

• Ingredients – brewers rice, corn, brown 
rice, soy isolate chicken fat. 

• Kcals ME/kg - 3761
• Protein -4.1 g/100 kcals
• Calcium -190 mg/100 kcals
• Phos – 130 mg/100 kcals
• Sodium – 50 mg/100kcals
• Copper – 0.1 mg/100 kcal
• EPA/DHA – 50 mg/100 kcals
• Manganese – 1.8 mg/100 kcals
• Crude F – 480 mg/100 kcals
• TDF –  1800 mg/100 kcals

●Hill’s LD – Dry 
● Ingredients- Brewers rice, chicken, 

chicken fat, egg product, soybean meal, 
flaxseed, cellulose
−Kcals ME/kg - 4342
−Protein – 4.2 g/100 kcal
−Calcium -220 mg/100 kcal
−Phos – 159 mg/100 kcal
−Sodium – 42 mg/100 kcal
−Copper- 0.1 mg/100 kcal
−Omega three – 348 mg/100 kcal
−Mangan. - 0.8 mg/100 kcals
−Crude F – 700 mg/100 kcals
−TDF – 1700 mg/100 kcals

Two Diets - high and low points

Good for the encephalopathic – not the early chronic cirrhotic where experts 
suggest the protein should be higher for hepatic regeneration. 



Voyager (aka the scoop)?

• Protein about 7 g/100 kcals
• No added copper

• Chicken formula 
• 0.17 mg/100 kcals

• Fish Formula
• 0.22 mg/100 kcals

• Can we get lower in copper than this
• Home prepared diet?



●Pick a protein (30% ME)
●Pick a carb (30-40% ME)
●Pick an oil or two (30-40% ME)
●Meet Requirements

−Stay away from mushrooms
−Stay away from organ meat
−Stay away from shellfish
−Stay away from legumes
−Use a copper free premix

Time for a home-made diet!

For those that do not like the powder for some reason:
Centrum Silver for women, Morton lite salt, Calcium 
carbonate, choline supplement



Nutrition and DCM – myth or fact??



Carnitine and Cardiomyopathy
• Breed predilections

-Congenital Myocardial deficiency in Boxer dogs





Carnitine 
• Carnitine deficiency diagnosis requires endocardial 

biopsy – serum or whole blood not indicative (but 
recent data suggests serum may be OK)

• There have been no canine or feline studies to date 
showing benefits of carnitine supplementation in CHF.

• In CHF tissue carnitine levels will decrease, but this may 
be normal in the disease process.

• Supplementation is more expensive than taurine 
currently recommendations are 50-100 mg/kg q 8 
hours.



What about BEG Diets?
Boutique, exotic, grain free

https://www.fda.gov/animal-
veterinary/animal-health-literacy/questions-
answers-fda-center-veterinary-medicines-
investigation-possible-connection-between-
diet-and

https://www.fda.gov/animal-veterinary/animal-health-literacy/questions-answers-fda-center-veterinary-medicines-investigation-possible-connection-between-diet-and
https://www.fda.gov/animal-veterinary/animal-health-literacy/questions-answers-fda-center-veterinary-medicines-investigation-possible-connection-between-diet-and
https://www.fda.gov/animal-veterinary/animal-health-literacy/questions-answers-fda-center-veterinary-medicines-investigation-possible-connection-between-diet-and
https://www.fda.gov/animal-veterinary/animal-health-literacy/questions-answers-fda-center-veterinary-medicines-investigation-possible-connection-between-diet-and
https://www.fda.gov/animal-veterinary/animal-health-literacy/questions-answers-fda-center-veterinary-medicines-investigation-possible-connection-between-diet-and


All dogs diagnosed with DCM

What number of dogs coming into a cardiology service are on a grain free diet?
Is this a disease of the affluent client??
Has DCM incidence risen over the past 10 years??



Only 7 dogs followed up – All dogs had food change and 30 mg/kg taurine BID



More questions than answers?
• Why supplement taurine 

if adequate? 
• Was it food change or 

taurine 
supplementation?

• Why not do follow up on 
all dogs including GB 
dogs?

• Has taurine 
supplementation ever 
been studied in DCM as a 
treatment regardless of 
diet?



Why did Grain Free take off??
• The bastardization of 

grains (and soy).
• Allergy
• Mycotoxins (recent recall 

just this year!)
• Corn somehow considered 

filler?
• Soy – estrogen like 

molecules?
• Corn prices rose due to 

ethanol industry.
• Wolves don’t go picking 

through soy or corn fields
• (remember your dog and 

wolves eat their own 
poop!)

• The reality of Grains
• Good lower cost energy source
• Necessary to make stable 

extruded products
• Corn and other grains have 

14% protein and higher in 
some cases

• Provided some fiber 
• Provides certain amino acids in 

higher proportions
• Phytonutrients and mineral 

rich. 
• Really not much different from 

ancient grains (sorghum, 
quinoa etc)

• Actually better glycemic index 
than tubers (potato, tapioca 
etc)



The wild west has arrived!

• Everyone and their 
brother makes a pet 
food now?

• Do they have qualified 
individuals 
formulating?

• My Experiences 
• Third party 

manufacturers
• No feeding tests
• Premix companies



A link between grain free and 
DCM?

• Remember that the first 
cases presented were 
actually taurine deficiency 
cases. 

• Just like 2003 lamb and rice 
diets (not very exotic or 
grain free).

• Golden Retriever problem 
likely more hereditary and 
feeding issues.

• Many not getting energy 
requirements from food 
given

• Taurine levels appear to be 
lower as a breed thing



A couple of reviews for perspective

• High points
• Ingredients vary and 

formulation software is 
only as good as what is 
entered.

• DCM has not shown to 
increase in the past 10 
years across the board

• Incidence is less than 
0.002%

• Is there bias in 
presentation? 



Has DCM increased?

• DATA from BSM partners



What is FDA saying now – well the 
investigation has ended…



FDA latest……before investigation 
ended



• 71 dogs examined 
retrospectively

• 15 eating TD
• 56 eating NTD

• Most dogs not taurine 
deficient

• 28 in NTD taurine supplement
• 2 in TD group

• More dogs with diet change 
in NTD group tx with taurine.

• 80% on pimo, furosemide and 
ACE inhibitor

• 60% in each group had diet 
changes



Take Away

Dogs that received taurine supplementation
during the course of their disease had a 
significantly longer
survival time than did dogs not receiving 
taurine supplementation
(P = .003), but the presence of low plasma or 
whole blood taurine concentration
was not associated with survival (P = .65).

whereas diet group (ie, dogs
that were in the nontraditional diet group that 
had their diets changed)
was significantly associated with longer 
survival time (P = .001;
Table 3).



• Retrospective study to 
examine survival of dogs that 
were eating GI or GF diets 
before presentation for 
DCM.

• 67 dogs 47 GF and 20 GI 
diets at least 6 month prior 
to presentation.

• All dog pimobendan and 
loop diuretic – most ACE 
inhibitor.

• Grain inclusive diet not 
described – lower in sodium?

• Followed mortality and drug 
changes as primary outcome



Take 
Away

• More dogs on GF once changed could have lower doses of 
furosemide, and ACE inhibitor

• Diet change helped however what is it?
• Protein changes, electrolyte status- sodium, enhanced 

damage to myocardium that is reversible??

One dog in the GI group and 
30 dogs in the pGF
received taurine 
supplementation.Additionally, a considerable number of

dogs (23%) within the pGF group were able to have
their diuretic medication discontinued and a
smaller number of pGF dogs were also able to have
their pimobendan discontinued (9%).



• 60 dogs on NTD vs TD with DCM (51 in NTD and 9 TD 
group!)

• 16 dogs with Subclinical Abnormalities
• All dogs on NTD for 6 months prior to enrollment
• 3,6,9 month re-evaluations
• Nearly all dogs on some form of antihypertension meds.

instructed to change to 1 of 6 commercial
extruded diets that were lower in sodium, 
grain-inclusive, did not
contain pulses or potatoes/sweet potatoes in 
the top 10 ingredients



• Study was controlled 
for taurine and only 
supplemented in 
dogs with low 
taurine status.

• No differences in 
arrhythmia status in 
this study

• No vitamin or 
mineral status was 
different between 
groups



What about the SCA dogs?

In our study, LVIDdN, LVIDsN, and LA : Ao all
showed significant within-group improvements in the NTD group, but
the mixed models diet group time interaction for these echocardiographic
variables was not significant



• 7 dogs in each group fed diets for 5 months



Results
• No differences in any 

cardiac function 
parameters

• No differences in amino 
acid and taurine profiles

• No differences in cardiac 
markers (ProBNP) 
monthly measures

• No differences in whole 
body lean mass (DEXA)

• No differences in 
hematology (CBC; 
Chemistry),monthly 
measures

• Legumes – do not cause 
DCM then why do they do 
poorer when on these 
diets?



Where does this leave us?



Can potassium influence heart 
disease??



Human vs Labrador
• Average person 

consumption of kcals 2200 
per day

• Recommended potassium 
2.5 g/day

• 1.15 g/1000 kcals
• Humans usually deficient 

provided 3.5 g per day so in 
study

• 4-5.5 grams per day
• Equals around 1.8-2.2 

g/1000 kcals

• Average Lab consumption 
of 1200 kcals

• Recommended intake 
min 1.5 g/1000 kcals by 
AAFCO and 1g/1000 kcals 
NRC

• Grain free Diet upwards 
of 2 g/1000 kcals

• What if company adds 
potassium to premix and 
its used in grainful and 
grainfree formulas?

• Can commonly exceed 3 
g/1000 kcals

• Maybe diets should be 
below 2 g/1000 kcals?



WSAVA



Questions??
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