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RESUMO.- [Estudo clínico randomizado controlado da 
suplementação de cetoanálogos em cães com doença 
renal crônica.] O objetivo foi de verificar a eficácia da 
suplementação com cetoanálogos em cães com Doença 
Renal Crônica (DRC) grau 3. Um ensaio clínico controlado 
e randomizado foi realizado com 20 cães com DRC grau 3. 
Os animais foram divididos em 4 grupos: grupo 1 (controle): 
terapia convencional (TC) para DRC; grupo 2: TC e 60mg/kg, 

VO, q48h de cetoanálogoa; grupo 3: TC e 60mg/kg, VO, q24h 
de cetoanálogoa; e grupo 4, TC e 120mg/kg, VO, q12h de 
cetoanálogoa. Todos os cães receberam ração renal para 
cães. Os animais foram avaliados no início da terapia e após 
15 e 30 dias. Hemograma completo, ureia, creatinina, fósforo, 
cálcio, potássio e sódio séricos e a razão proteína creatinina 
(RPC) urinária foram analisados. Foi verificado que o uso dos 
cetoanálogos em cães com DRC grau 3 durante 30 dias não 
mostrou eficácia, em nenhuma das dosagens utilizadas, em 
melhorar os sinais clínicos e sintomatologia da doença, os 
valores do hemograma e ureia e creatinina séricos, normalizar 
eletrólitos e reduzir RPC. Concluiu-se que o uso de cetoanálogos 
não impacta na melhora de sintomatologia clínica em cães com 
CKD grau 3. Como esse parece ser o primeiro ensaio clínico 
sobre cetoanálogos em cães com CKD, mais estudos podem ser 
necessários com maior acompanhamento e maiores grupos.

TERMOS DE INDEXAÇÃO: Cetoanálogos, cães, doença renal crônica, 
aminoácidos essenciais, suplementos alimentares, caninos, clínica.
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The objective was to verify the effectiveness of ketoanalogues in dogs with Chronic 
Kidney Disease (CKD) stage 3. Controlled randomized clinical trial was performed with 
twenty dogs with CKD stage 3. Animals were subjected to: Group 1 (control): conventional 
therapy (CT) for CKD; Group 2: CT and 60mg/kg, OA, q48h of keto-supplementa; Group 3, 
CT and 60mg/kg, OA, q24h of keto-supplementa; and Group 4, CT and 120mg/kg, OA, q12h 
of keto-supplementa. All dogs received canine renal diet. Animals were evaluated at the 
beginning of therapy and after 15 and 30 days. Complete blood count (CBC), serum urea, 
creatinine, phosphorus, calcium, potassium and sodium and urine protein/creatinine (UPC) 
ratio were analyzed. The use of ketoanalogues in dogs with CKD stage 3 during the period of 
30 days showed no efficacy, in any of the studies dosages, to improve signs and symptoms 
of the disease, improve the values of CBC, reduce serum urea and creatinine, normalize 
electrolytes or reduce UPC. It is concluded that the use of ketoanalogues does not impact 
the clinical outcomes in dogs with CKD stage 3.
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INTRODUCTION
Azotemic chronic kidney disease (CKD) is characterized by 
the progressive and irreversible loss of kidney function with 
decreased renal perfusion, glomerular filtration and capacity for 
concentrate urine (Pugliese et al. 2005). Among the functions 
that kidney fails to play are acid-base regulation, production 
of erythropoietin and vitamin D, as well as control of blood 
pressure and creatinine, phosphorus, water and proteins 
levels. (Bartges 2012).

The main clinical signs of CKD are loss of appetite, 
lethargy, vomiting, weight loss, mouth ulcers, polyuria, 
polydipsia, dehydration, osteoarthritis and uremic 
encephalopathy (Polzin 2010). Conventional treatment 
consists of symptomatic support and appropriateness 
of acid-base, hidroelectrolyte, endocrine and nutritional 
balance (Roudebush et al. 2010).

An alternative to complement the conventional treatment 
is to supplement diet with ketoanalogues, a set of amino acids 
without the amino group, capable to capture serum nitrogen, 
becoming essential amino acids. Thus, it should reduce 
the amount of urea in the circulation and, therefore, renal 
overload. The currently most used option of keto-supplement 
(Ketosteril, Fresenius Kabi AG, Bad Homburg, Germany) 
is made up of precursors of essential amino acids such as 
leucine, isoleucine, phenylalanine, methionine, and valine, 
and calcium (Ulm et al. 1978, Kao et al. 2008).

Although a dose of ketoanalogues is suggested for dogs 
in literature (1 tablet of keto-supplement for each 5kg of 
body weight every 12h) (Viana 2007) it has a very high cost, 
hindering the acceptance of treatment by the owners. Finding 
a lower effective dose would mean a greater number of owners 
capable to pay for the therapy. Besides the cost-effectiveness 
issue, to the authors’ knowledge, until this date, no other 
study in literature was designed to investigate the effect of 
ketoanalogues in dogs with chronic kidney disease. Although 
one case report described the effectiveness of ketoanalogues 
when associated with a low protein diet (Veado et al. 2002), 
all the literature is focused in humans (Frohling et al. 1980, 
Jones et al. 1983, Mitch et al. 1984, Tóth et al. 2012, Teplan et al. 
2000, Prakash et al. 2004, Thilly 2013).

The objective of this study was to evaluate the efficacy of 
ketoanalogues administration in both literature described 
dose and smaller dosages during the treatment of dogs with 
stage 3 chronic kidney disease.

MATERIALS AND METHODS
Ethics statement. Twenty dogs, of both sexes and various ages, 

routinely attended at a university veterinary teaching hospital were 
evaluated. The project was submitted to the Ethics Committee on 
Animal Use (CEUA) in the date of March 31, 2011, and was filed 
(no. 80/2011- CEUA).

Animals. Dogs with history, physical examination and laboratory 
tests (complete blood count, biochemical profile, urinary protein/
creatinine ratio (UPC), urinalysis and abdominal ultrasound) 
compatible with CKD were preselected. Following screening, 
animals were treated with conventional therapy, electrolytes 
and hydric replacement. After 15 days of treatment, animals 
that presented stable serum creatinine concentrations between 

2.1-5.0mg/dL and systolic pressure between 160-179mmHg 
were classified as CKD stage 3, as described by the International 
Society of interest and Renal European and American Society 
of Nephrology and Urology Veterinary (Polzin 2011), and were 
selected for this study.

Study design. Dogs were consecutively randomized into four 
experimental groups composed of five animals each one. Each group 
received a different treatment as described: Group 1 (control): 
conventional therapy (CT) for CKD; Group 2: CT and 60mg/kg 
(27mg/lb), OA, q 48h of keto-supplement (Ketosteril, Fresenius Kabi 
AG, Bad Homburg, Germany); Group 3, CT and 60mg/kg (27mg/lb), 
OA, q 24h of keto-supplement; and Group 4, CT and 120mg/kg 
[54mg/lb], OA, q 12h of keto-supplement (dosage described in 
literature) (Viana 2007). All animals were submitted to conventional 
therapy for CKD (intravenous fluid, emesis control and correction of 
anemia with ferrous sulfate (100mg/day)) and fed with commercial 
feed for dogs with kidney disease (Royal Canin, Canine Veterinary 
Diet Renal RF 16; Royal Canin, Aimarques, France), according to the 
recommendations of the manufacturer. Animals presenting systemic 
arterial hypertension were treated with benazepril (0.5mg/kg/day), 
and supplemented with intravenous potassium (6ml/kg/h) when 
necessary. No other treatment was used in the patients.

The evaluation of each animal was performed within a period 
of 30 days, during which, in addition to clinical evaluation, three 
laboratory assessments were performed, the first at the beginning 
of treatment, the second after 15 days and the third after 30 days.

Hematological parameters evaluated in this study were red blood 
count, hemoglobin, hematocrit, total protein, platelets and leukocytes. 
Biochemical profile was used to determine the concentrations of 
serum urea, creatinine, phosphorus, calcium, potassium, and sodium. 
Finally, urinalysis was performed and urinary protein/creatinine 
(UPC) ratio was calculated.

Statistics. Results are expressed as mean±SEM. Data were assessed 
by 1-way ANOVA for comparisons within groups followed by post 
hoc Bonferroni’s test. Two-way ANOVA was used for comparisons 
between groups, followed by post hoc Bonferroni’s test. To evaluate 
the association between qualitative variables Fisher’s exact test was 
used. Data were analyzed using SigmaPlot for Windows Version 
11.0 (Systat Software Inc., Chicago, USA). Statistical significance 
was accepted at a value of P=0.05.

RESULTS
The sample consisted of 13 females (65%) and 7 males 
(35%) of different ages and breeds. The comparison of the 
characteristics and parameters of the four groups at the 
beginning of the study is shown in Table 1 and demonstrates 
no significant differences among them.

Systolic blood pressure of all the dogs was also 
assessed at the beginning of the study, so that the value 
of Groups 1, 2, 3 and 4 was, respectively, 152±18mmHg, 
185±56mmHg, 169±36mmHg and 178±4mmHg, with 
no statistical significant difference between the groups 
(One-way ANOVA; P=0.684).

The signs and symptoms exhibited by the dogs were analyzed 
15 days after the beginning of treatment and are summarized 
in Figure 1. There was no statistically significant difference 
between the amount of signs and symptoms shown by dogs 
of the four groups (Fischer’s exact test; P=0.502), although a 
greater number of asymptomatic dogs was observed in Group 3.
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Complete blood count results were summarized in Figure 2. 
Statistical analysis showed no significant difference in the values   
of red blood count, hemoglobin, hematocrit and leukocytes. 
Platelets values, however, showed statistical significant difference 
of 303,850 platelets/dL (95% CI 166,247-441,452; P=0.006) 
in Group 4, after 30 days, being higher when compared to 
the control group.

Biochemical profile results were summarized in Figure 3. 
Statistical analysis showed no significant difference in 
the values   of urea, phosphorus, calcium, potassium and 

sodium. Creatinine values, in this case, were 4.45mg/dL 
(95% CI 0.38-8.52; P=0.001) higher in Group 4, after 30 days, 
when compared to the control group, being the only statistical 
significant difference among the groups in regard to the 
biochemical profile.

Finally, UPC results were summarized in Figure 4. Statistic 
difference was found among the groups (Two-way ANOVA; 
P=0.044), however no group could be isolated after Bonferroni’s 
post hoc test.

Table 1. Characteristics and parameters of the four groups at beginning of the study

Group 1 Group 2 Group 3 Group 4 P-value
Complete

Blood Count
Hemoglobin 10.8±1.4 8.3±3.5 10.1±3.7 7.7±1.8 0.344

Red Blood Cells 3.4*106±0.6*106 3.0*106 ±1.1*106 3.8*106 ±1.4*106 3.0*106 ±0.6*106 0.560
Hematocrit 26.8±2.5 22.8±6.9 28.2±8.8 22.0±4.3 0.336

Platelet 318.250±128.334 283.000±115.022 235.725±150.721 298.590±122.077 0.795
Leukocytes 8.840±1.734 6.744±927 8620±2310 15.893±10.507 0.080

Total Protein 8.1±1.3 6.7±0.6 8.0±0.9 7.3±0.9 0.197
Biochemical

Profile
Urea 114.4±39.7 186.4±95.7 176.0±44.1 130.8±34.9 0.200

Creatinine 3.2±0.5 3.0±0.6 3.1±0.9 3.3±1.0 0.894
Calcium 11.1±2.9 11.1±1.0 9.6±1.7 11.0±1.1 0.366

Phosphorus 6.6±1.3 8.6±4.5 8.7±2.6 8.1±1.9 0.612
Potassium 5.0±1.5 6.2±0.7 4.7±1.9 6.8±0.7 0.250

Sodium 162.0±25.4 155.8±15.9 148.7±1.5 150.5±7.0 0.680
Other UPC 1.42±0.54 2.10±0.66 1.62±0.78 2.22±0.90 0.291

Age 11.4±1.7 10.8±3.6 8.4±2.3 8.8±4.4 0.389
Characteristics and parameters of the four groups at the beginning of the study. Group 1 (control) = CT for CKD, Group 2 = CT and 60mg/kg [27mg/lb], 
PO, q 48h of keto-supplementa, Group 3 = CT and 60mg/kg [27mg/lb], PO, q 24h of keto-supplementa, Group 4 = CT and 120mg/kg [54mg/lb], PO, q 12h 
of keto-supplementa. P-value of one-way ANOVA analysis.

Fig.1. Comparison of clinical signs and symptoms between the groups 15 days after the beginning of treatment. Group 1 
(control) = conventional therapy (CT) for CKD, Group 2 = CT and 60mg/kg (27mg/lb), OA, q 48h of keto-supplementa, Group 3 = CT 
and 60mg/kg (27mg/lb), OA, q 24h of keto-supplementa, Group 4 = CT and 120mg/kg [54mg/lb], OA, q 12h of keto-supplementa.
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Fig.2. Blue bar, Group 1 control (CT for CKD); green bar, Group 2 (CT and 60mg/kg (27mg/lb), OA, q 48h of keto-supplementa); yellow bar, 
Group 3 (CT and 60mg/kg (27mg/lb), OA, q 24h of keto-supplementa); red bar, Group 4 (CT and 120mg/kg (54mg/lb), OA, q 12h of 
keto-supplementa). 0, day before the beginning of treatment; 15, 15 days after the beginning of treatment; 30, 30 days after beginning 
of treatment. (A) Red blood cells count. P=NS between groups and control by 2-way ANOVA. (B) Hemoglobin. P=NS between groups 
and control by 2-way ANOVA. (C) Hematocrit. P=NS between groups and control by 2-way ANOVA. (D) Platelets. *P=0.006 vs. control, 
2-way ANOVA, Bonferroni post hoc test. (E) Leucocytes. P=NS between groups and control by 2-way ANOVA. (F) Total Protein. P=NS 
between groups and control by 2-way ANOVA.

Fig.3. Blue bar, Group 1 control (CT for CKD); green bar, Group 2 (CT and 60mg/kg (27mg/lb), OA, q 48h of keto-supplementa); yellow bar, 
Group 3 (CT and 60mg/kg (27mg/lb), OA, q 24h of keto-supplementa); red bar, Group 4 (CT and 120mg/kg (54mg/lb), OA, q 12h of 
keto-supplementa). 0, day before the beginning of treatment; 15, 15 days after the beginning of treatment; 30, 30 days after beginning 
of treatment. A, Urea. P=NS between groups and control by 2-way ANOVA. B, Creatinine. *P=0.001 vs. control, 2-way ANOVA, Bonferroni 
post hoc test. C, Phosphorus. P=NS between groups and control by 2-way ANOVA. D, Calcium. P=NS between groups and control by 2-way 
ANOVA. E, Sodium. P=NS between groups and control by 2-way ANOVA. F, Potassium. P=NS between groups and control by 2-way ANOVA.
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DISCUSSION
The clinical manifestations most commonly found in dogs 
with CKD are those caused by the involvement of the 
digestive system, including decreased appetite (appetite 
loss/anorexia), modification of the consistency and color of 
stools, vomiting and weight loss, most of them being related 
to the increased uremic toxins in the circulation (Notomi et al. 
2006). These observations corroborate with the findings of the 
present study, which further adds to this set of gastrointestinal 
symptoms abdominal pain. The literature also describes other 
findings in animals with CKD, as halitosis, ulcers and stomatitis 
(Bartges 2012). Our casuistic also showed apathy, polydipsia, 
polyuria, muscle fasciculation and convulsing as signs and 
symptoms worthy of note. A limitation of the present study 
was the fact that data regarding signs and symptoms were 
collected at only one timepoint during the follow-up period, 
not allowing to trace their progression over time.

In respect to the findings in the complete blood count, our 
study shows compatible results with the literature, according 
to which dogs with CKD have hemoglobin, hematocrit 
and red blood cells below the reference values   for healthy 
animals (Bueno de Camargo et al. 2006). The presence of 
lymphopenia is a finding in both humans (Allon et al. 2003) 
and dogs (Bradea et al. 2013) with CKD, which reinforces the 
fact that secondary infections are among the most common 
complications of the disease. It was also described that the 
more significant is the decrease in leukocyte count, the 
worse are clinical signs and azotemia (Kralova et al. 2010). 
Humans with terminal stage of chronic kidney disease usually 
present platelet dysfunction due to uremia and platelet values 
decrease over time, leading to bleeding (Kaw & Malhotra 
2006). The mechanism involved in the lymphopenia in these 
patients is related with an impaired elimination and also a 

misbalance between pro-inflammatory cytokines, as Il-6 and 
TNF-alfa (Pecoits-Filho et al. 2003), and anti-inflammatory 
cytokines, as IL-10 (Stenvinkel et al. 2005).

In our study, however, although Group 4 presented an 
increase in platelets value, it is probably not correlated with 
improvement of the disease, since other more representative 
parameters, such as urea, creatinine and UPC continued to 
increase.

Regarding urea and creatinine, the ingestion of ketoanalogues 
together with a low protein diet content showed improvement 
in glomerular filtration rate, which may have promoted the 
maintenance of energetic balance and reduction of clinical 
signs of uremia in human adults (ETESA 2002, Prakash et al. 
2004, Chang et al. 2009, Garneata & Mircescu 2013). However, 
a study in children showed no significant difference in 
glomerular filtration, but was effective to increase body cell 
mass as well as decrease the fraction of urea/creatinine in 
all children studied (Jones et al. 1983).

In a veterinary case report, it was shown that a low protein 
diet with the keto-supplement nutraceutical, in a dosage of 
1 tablet to every 5kg of weight per day, was responsible for 
decreasing the serum concentration of urea in a dog with acute 
renal failure treated for leishmaniosis (Veado et al. 2002). 
In another human research, it was showed that a vegetable 
proteins diet supplemented with keto-supplement decreased 
serum urea (Garneata & Mircescu 2013, Mircescu et al. 2007). 
In the present study, however, no statistically significant 
difference in the values   of urea between groups under different 
therapeutic doses of ketoanalogues were found. In our study, 
supplementation with ketanalogues did not decrease serum 
creatinine, in fact there was a statistically significant increase 
in Group 4 after 30 days. One of the possible reasons for 
that is that creatinine metabolism may suffer influence of 
age, loss of muscle mass, diet, trauma and fever (Braun et al. 
2003, Levey et al. 1988). Thus, this isolated finding could not 
suggest a negative effect of ketoanalogues, but might reinforce 
the other findings showing no efficacy of the nutraceutical to 
improve chronic kidney disease.

A secondary effect of the CKD is hyperparathyroidism, 
related to kidney inability to excrete phosphorus and the 
consequent mobilization of bone calcium. In a case report, 
a dog with facial distortion and tooth mobility presented 
blood exams showing urea 185mg/dL, creatinine 4.6mg/dL, 
and phosphorus 16mg/dL, confirming hyperparathyroidism 
secondary to CKD (Castro et al. 2007). According to literature 
data, the prevalence of secondary hyperparathyroidism seems 
to increase as higher the stage of CKD (Cortadellas et al. 2010). 
Thus, it is important to maintain the serum phosphorus in 
certain values   that vary according to the stage of disease, with 
3.5-5.0mg/dL in CKD stage 3 (Cortadellas et al. 2010, Polzin 
2013). Also, the prescription of a low protein diet has been 
suggested as a way to improve phosphorus/calcium rate in a 
study conducted in humans (Mitch 2005, Malvy et al. 1999). 
In the present study, however, the therapy with ketoanalogues 
and food for dogs with chronic kidney disease was not able 
to maintain the values   of phosphorus and calcium in the 
recommended value.

Dogs with chronic kidney disease may have depletion 
in potassium. That could be due to hyporexia or because of 
potassium elimination in the urine (Fascetti 2015). The same 
does not occur with sodium, which is usually normal. In the 

Fig.4. Blue bar, Group 1 control (CT for CKD); green bar, Group 2 
(CT and 60mg/kg (27mg/lb), OA, q 48h of keto-supplementa); 
yellow bar, Group 3 (CT and 60mg/kg (27mg/lb), OA, q 24h 
of keto-supplementa); red bar, Group 4 (CT and 120mg/kg 
(54mg/lb), OA, q 12h of keto-supplementa). 0, day before the 
beginning of treatment; 15, 15 days after the beginning of 
treatment; 30, 30 days after beginning of treatment. Urinary 
Protein/Creatinin Ratio (UPC). Statistic difference was found 
among the groups (Two-way ANOVA; P=0.044), however no 
group could be isolated after Bonferroni’s post hoc test.
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event of sodium retention, this might be due to intravascular 
volume contraction and thus has to be controlled to avoid 
hypertension (Bartges 2012). Thereto, one study demonstrated 
that both renal diet or a diet with low potassium were able 
to normalize the serum potassium levels (Segev et al. 2010). 
In our study, however, serum potassium values   remained 
high in all groups except by the control, although no statistic 
difference was find between the therapeutic groups and the 
control. Regarding sodium, our study showed that serum 
values varied within and among the groups, most of the time 
above the reference values, but without any statistic difference 
between the groups.

One of the most known ways used for quantification of 
proteinuria in animals and humans is through the measurement 
of urinary protein/creatine ratio (UPC). It is considered 
as an important marker of progression of kidney disease 
(Methven et al. 2010, Grauer 2013) and is also an inexpensive 
predictor of the glomerular filtration rate (Ruggenenti et al. 
1998). A human study with 6 months of follow up showed 
that the administration of 12 tablets of keto-supplementa, 
per day, with a low protein diet was efficient in decreased 
glomerular filtration rate (Chang et al. 2009). Another study 
with humans showed that a low-protein diet associated with 
supplementation ketoanalogues was effective in delaying 
progression of the disease (Tzekov et al. 2000). However, 
a third study showed that humans treated with a protein 
restrict diet supplemented with keto and hydroxy analogues 
of amino acids (0.17g/kg/day) did not present improvement 
of the renal function (Malvy et al. 1999). During the time that 
the animals were assessed in our study, no differences in the 
UPC values could be found between the therapeutic groups 
and the control.

CONCLUSIONS
The use of ketoanalogues in dogs with CKD stage 3 during a 

30-day follow-up period, in dosages described in literature and 
lower, showed no efficacy to improve the signs and symptoms 
of the disease, raise the values of hemoglobin, hematocrit and 
red blood cells, total protein, leukocytes, platelets, reduce 
serum urea and creatinine values, normalize electrolytes 
(phosphorus, calcium, potassium and sodium) or reduce UPC.

To our knowledge, this is the first study that compares 
the effect of different dosages of ketoanalogues in dogs with 
chronic kidney disease. Thus, further studies are needed, with 
longer segment and larger samples, to better understand the 
effects of ketoanalogues in dogs with CKD.
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