
Among the main changes found in the clinical 
routine of the veterinarian, those that involve 

the malfunction of metabolically active organs 
such as the liver are the most challenging. 
The liver performs many functions essential to 
life and plays a major role in the metabolism 
of proteins, carbohydrates, and fats, making 
nutritional management one of the key 

points in the treatment of these patients.1
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Portosystemic shunt (PSS) is characterized by abnormal communication between the 
portal and systemic circulation, causing blood from the gastrointestinal tract to flow into the 
systemic circulation without having been filtered by the liver. Thus, the systemic circulation 
receives endogenous and exogenous toxins, which can reach the central nervous system 
and cause hepatic encephalopathy (HE), besides anorexia, vomiting, polyuria, polydipsia, 
growth deficit and weight gain in puppies and urolithiasis by urate and other purines.1,2,3 
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  PSS treatment can be either surgical to correct shunt or conservative clinical1,4. For both 
treatments (if not conservative, in pre- and post-surgical), the main point is the patient’s 
food management, which aims to prevent the occurrence of hepatic encephalopathy 
manifestations.1,3 Nutritional treatment aims to decrease the production and absorption 
of toxins by the intestine (ammonia, mercaptans, short-chain fatty acids, indoles, biogenic 
amines), preventing them from reaching the systemic circulation. The main nutritional 
strategies employed focus on decreasing or modifying dietary protein, modulating the 
intestinal microbiota, and reducing intestinal transit time.3,5 Knowing the amino acid 
profile of the diet offered to animals with PSS also seems to be the key for a successful 
treatment, because the reduction in liver functions can be associated with increases in 
plasma concentrations of aromatic amino acids (phenylalanine, tyrosine, and tryptophan) 
that would not be properly removed from the portal circulation and metabolized by the 
liver, as well as a decrease in branched-chain amino acids (leucine, isoleucine, and valine) 
that would be used more by muscle and fat tissue.3



Nine dogs of different breeds with clinical diagnosis of 
portosystemic shunt and nine healthy Yorkshire dogs 
were selected, from the Medical Clinic Service from 
the Veterinary Hospital of the School of Veterinary 
Medicine and Animal Sciences of the University of 
São Paulo and the Gastrovet’s Canine and Feline 
Gastroenterology Service. For sick dogs, the criteria 
for inclusion in the study were having a diagnosis 
of portosystemic shunt, with no other concomitant 
conditions, being small and the owners being able 
to follow the protocol set for conducting the study 
(shunt group). The criteria for inclusion in the control 
group were: healthy dogs, Yorkshire breed, body 
condition score between 4 and 56, that they accepted 
commercial food, and the possibility of the owners 
to follow the protocol set by the study.

The study was conducted in the routine of the Medical 
Clinic Service of the Veterinary Hospital from the 
School of Veterinary Medicine and Animal Sciences 
of the University of São Paulo and of the Gastrovet 
team’s Canine and Feline Gastroenterology Service, 
both located in the city of São Paulo - SP.

3. MATERIAL AND METHODS

2. 
PURPOSE

To evaluate the effects of using a low-protein food 
on the amino acid profile of dogs with congenital 
portosystemic shunt. To evaluate the efficiency of 
the diet in increasing the branched-chain amino 
acids instead of the aromatic amino acids in the 
circulation. To evaluate the effects of diet on the 
control of clinical manifestations and biochemical 
variables of dogs with congenital portosystemic 
shunt.

a. Study
site

b. Selection of
animals
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The animals received for 8 weeks the supporting 
food Equilíbrio Veterinary Hepatic (HE) for 
Dogs, recommended for dogs with liver diseases. 
This food is formulated with nutritional contents 
that meet the recommendations of the NRC (2006)7 
and AAFCO (2012)8 for adult dogs, except for the 
protein content, aiming at the management of liver 
diseases. The diet was provided free of charge to 
the owners of the selected animals and they were 
instructed to follow the recommendations of the 
experimental protocol. The amount of food was 
calculated according to the individual maintenance 
energy requirement (NEM) of each patient. The 
owners were instructed to feed the animal three 
times a day. The food management re-evaluations 
were carried out at 15-day intervals.

Animals were assessed on day 1 (T0) and after 60 
days (T60) of intake of Equilíbrio Veterinary HE Dogs 
diet. At both times, blood samples were collected 
for blood count, white blood cell count, serum 
biochemistry, determination of serum amino acids 
and ammonia. The statistical analysis of the results 
regarding blood counts and biochemical tests was 

based on a mixed model that considered 
standard effects of group, time and 

interaction and, for amino acids, only 
standard effects of group (p <0.05). 

c. Experimental diet
and dietary 

management of 
animals 

d. Material collection,
tests performed, 

and statistics
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During the 60 days of study, most of 
the participating animals showed 
good acceptance of HE food and 
maintained the muscle mass score. 
Regarding body weight, only one 
animal of the shunt group had a 
reduction of 200g after 60 days 
of treatment, whereas the body 
condition score (BSC) and the 
muscle mass score (MMS) remained 
constant. It is important to note that 
no animal had convulsive episodes 
during the experimental period.
  The results of blood count, 
hematocrit, platelets, total protein, 
plasma urea, creatinine, albumin, 
globulin from all animals in the shunt 
group were within the reference values 
for adult dogs both at timepoint 0 
and 60, with no statistical difference 
in time evaluation within this group. 
  The animals in the shunt group had 

serum activity of the alanine aminotransferase (ALT) enzyme greater than the 
reference range and the values differed from those observed in the Control 
group (p=0.0253). Likewise, the alkaline phosphatase (AP) enzyme in animals 
in the shunt group had higher concentrations when compared to the Control 
group (p=0.0004). It is important to highlight that 
although both enzymes are above the reference 
range for adult dogs, their concentrations did not 
differ between timepoints 0 and 60, showing that 
there was no progression of hepatic change in 
the diet feeding period.
  In this study, the fasting and postprandial 
ammonia concentrations of the animals show that 
the dogs in the Control group had values within 
the reference range for the species, while the 
animals in the shunt group had hyperammonemia 
in both fasting and post-feeding, both values 
differing from the Control group (p=0.0083; 
p=0.0036). However, both fasting and 

4. & DISCUSSION
RESULTS
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postprandial ammonia values did not differ between timepoints 0 and 60 
among dogs with PSS. In addition, although there was no reduction in ammonia 
concentrations, the clinical manifestations of hepatic encephalopathy have 
been controlled. 
  Regarding the serum amino acids, the shunt group had higher serum 
concentrations of the amino acids phenylalanine (p=0.0054), glutamate 
(p=0.0066), serine (p=0.0054) and tyrosine (p=0.0106) when compared to the 
Control group; on the other hand, the amino acid alanine (p=0.0280), the Fischer 
ratio (p=0.0093) and the serum concentration ratio of branched-chain amino 
acids and tyrosine (p=0.0243) were higher in the Control group. 
  Brunetto and colleagues9 pointed out that the increase in aromatic amino 
acids (phenylalanine, tyrosine, and tryptophan) in relation to branched-chain 
amino acids (leucine, isoleucine, and valine) can be one of the factors triggering 
the development of hepatic encephalopathy. Additionally, in 1976, Soeters and 
colleagues10 reported that the molar ratio between the branched-chain amino 
acids and aromatic amino acids is important for evaluating liver functions, the 
severity of their dysfunctions and protein nutrition status, and that Fischer ratio 
decreases as chronic hepatitis progress to cirrhosis.
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FISCHER’S 
RATIO =

(Leucine + Isoleucine + Valine)

(Phenylalanine+ Tyrosine) 

In this study, Fischer ratio was calculated and the animals in the shunt group had 
lower values (p=0.0093) when compared to the Control group. However, the 
Fischer ratio of animals with PSS did not differ between timepoints 0 and 
60, which means that the disease may not have progressed in that period 
with the intake of the diet.



Based on the results found in this study: 
with the maintenance of the serum 
concentrations of the amino acid, the 
Fischer ratio as well as the ratio of branched-
chain amino acid ratio and tyrosine, we can 
conclude that the nutritional management 
of dogs with portosystemic shunt in 
the Equilíbrio Veterinary HE diet 
was efficient in preventing disease 
progression and controlling clinical 
manifestations.

5. CONCLUSIONS

AUTHORS OF THE PAPER:
Fabio Alves Teixeira

Veterinary, MSc, DSc - FMVZ/USP

Residency in Nutrition and Clinical Nutrition of Dogs and Cats - FCAV/UNESP Jaboticabal

Master’s Degree and PhD - Graduate Program in Veterinary Clinic - FMVZ/USP

Professor at Faculdade Anclivepa - Continuing Education Project Coordination
Coordinator of the Graduate Course in Nutrition

of Dogs and Cats - Anclivepa-SP

Founding member of the Brazilian Society of Nutrition of Dogs and Cats of the Brazilian College 
of Animal Nutrition

Nathália Spina Artacho
Bachelor’s Degree in Veterinary Medicine - Faculdades Metropolitanas Unidas - UniFMU in 2009

Residency in Small Animal Clinic at Veterinary Hospital - UniFMU, 2011-2012 

Master’s Degree in Animal Health and Welfare - FMU 

She is currently a founding-member of the service team
in canine and feline gastroenterology, Gastrovet

Márcio Antonio Brunetto
Bachelor’s Degree in Veterinary Medicine - University of the State

of Santa Catarina - UDESC (2002)

Residency in Nutrition and Clinical Nutrition of dogs and cats by UNESP-FCAV 
Master’s Degree (2006) and PhD (2010) in Veterinary Medicine, with focus on Medical Clinic 

(Clinical Nutrition) also from UNESP-FCAV

He is currently vice-president of the Brazilian Society of Nutrition of Dogs and Cats, professor 
in the Department of Animal Nutrition and Production at FMVZ/USP and coordinator of the 

Research Center in Nutrition of Dogs and Cats - CEPEN Pet, Pet Nutrition Study Group at FMVZ/
USP and responsible for the Veterinary Nutrition Service at HOVET/FMVZ-USP

VET HEPATIC FORUM



1. Meyer HP, Twedt DC, Roudebush P, Dill-Macky E. Hepatobiliary disease. In: Small Animal Clinical Nutrition. 5th ed. 
Topeka, KS: Mark Morris Institute; 2010:1155-1192. 2. Van den Ingh TS, Rothuizen J, Meyer HP. Circulatory disorders of the 
liver in dogs and cats. Vet Q. 1995;17(2):70-76. doi:10.1080/01652176.1995.9694536. 3. Marks SL. Nutritional management 
of hepatobiliary diseases. In: Fascetti AJ, Delaney SJ, eds. Applied Veterinary Clinical Nutrition. 1st ed. West Sussex, UK:  
Wiley-Blackwell; 2012:235-250. 4. Greenhalgh SN, Dunning MD, McKinley TJ, et al. Comparison of survival after surgical 
or medical treatment in dogs with a congenital portosystemic shunt. J Am Vet Med Assoc. 2010;236(11):1215-1220. 
doi:10.2460/javma.236.11.1215. 5. Proot S, Biourge V, Teske E, Rothuizen J. Soy protein isolate versus meat-based low-
protein diet for dogs with congenital portosystemic shunts. J Vet Intern Med. 2009;23(4):794-800. doi:10.1111/j.1939-
1676.2009.0327.x. 6. Laflamme DP. Development and validation of a body condition score system for dogs. - Abstract - 
Europe PubMed Central. Canine Pract. 1997;22(1):10-15. http://agris.fao.org/agris-search/search.do?recordID=US9742264. 
Accessed March 24, 2020. 7. NRC. Nutrient Requirements of Dogs and Cats. Washington, DC, USA: National Academies 
Press; 2006. 8. AAFCO. AAFCO Human Grade Standards for Pet Products. AAFCO; 2017. 9. Brunetto MA, Teshima E, Nogueira 
SP, Toloi J, Aulus J&, Carciofi C. Manejo nutricional nas doenças hepáticas. Acta Sci Vet. 2007;35(2):233-235. www.ufrgs.br/
favet/revista. Accessed March 25, 2020. 10. Soeters PB, Fischer JE. Insulin, glucagon, aminoacid imbalance, and hepatic 
encephalopathy. Lancet (London, England). 1976;2(7991):880-882. doi:10.1016/s0140-6736(76)90541-9.

Ill
us

tr
at

iv
e 

im
ag

es
.

/equilibriototalalimentos /equilibriosuperpremium Customer Service: 0800 725 8575/racaoequilibrio

www.adm.com

Learn more at: www.equilibriototalalimentos.com.br

6. REFERENCES 


