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Summary 

 
The purpose of this study was to evaluate the relationship between arterial blood 

pressure and biochemical parameters of renal profile in cats with CRF. The study was 
performed on 65 cats, aged between 4 and 18 years, diagnosed with chronic renal failure. 
Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean blood pressure 
(MBP) were determined by oscillometric method. Blood pressure determination was 
performed at the thoracic member, at medial artery level, by using cuffs width of about 30-
40% of forearm circumference. The analysis of the correlation between blood pressure and 
plasmatic concentrations of creatinine, urea, phosphate, total protein, albumins and sodium 
proved that there was not significant association between these variables. Also, there was 
found a weak but significant negative correlation between plasmatic potassium concentration 
and SBP, DBP respectively. Urinary protein-to-creatinine ratio was positively and 
significantly correlated with blood pressure value. 
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 Chronic renal failure (CRF) is the most frequent disorder diagnosed in cats 

and represents one of the first three causes of mortality in companion animals. This 
disorder is a result of progressive and irreversible reduction of glomerular filtration 
rate, consecutively to the progressive loss of renal functional mass (1, 9).  

The relationship between arterial hypertension and kidneys is a reciprocal 
one, because renal circulation is affected in arterial hypertension evolution, and the 
hypertensive vascular lesions that appear will exacerbate the renal hypertensive 
mechanisms, contributing to disease stabilization and progression (5). The renal 
diseases may lead to hypertension through hydrosaline retention, which 
determines the expansion of extracellular liquid, and through the activation of the 
renin-angiotensin-aldosterone system. In turn, arterial hypertension determines 
glomerular hypertension, hyperfiltration, proteinuria and arteriosclerosis, completing 
in this way the vicious circle of renal lesion self-perpetuation (2, 3). The purpose of 
this study was to evaluate the relationship between arterial blood pressure and 
biochemical parameters of renal profile in cats with CRF.  
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Materials and methods 
 

The study was performed on 65 cats, aged between 4 and 18 years, 
diagnosed with chronic renal failure at the University Veterinary Clinics from 
Timişoara. From all cats were collected urine and blood samples that were 
analyzed in the Laboratory of haematology-biochemistry from the Faculty of 
Veterinary Medicine TimiSoara.  

The blood samples were taken in the morning, in lithium-heparin vacuum 
tubes, from the antebrachial cephalic vein or from the jugular vein. Previously, cat 
owners were advised not to feed the cats for 8-10 hours before sampling. Plasma 
was separated from the erythrocitary mass by centrifugation just after sampling and 
it was refrigerated until analyses. The analyses were performed in 24 hours after 
sampling, with the help of the semi-automatic biochemistry analyzer (Vet-Screen). 
The biochemical parameters determined from the sanguine plasma were: albumins 
(colorimetric method, with bromine cresol green); total protein (colorimetric method 
with biuret); creatinine (Jaffe method); seric urea (colorimetric method with urease); 
phosphorus (colorimetric method with ammonium molybdate); potassium 
(turbidimetric method with sodium tetraphenilborate); sodium (colorimetric method 
with uranyl acetate). 

The urine was sampled by transabdominal puncture from the cats whose 
bladder was palpable or by urethral sound. The quantitative estimation of 
proteinuria was determined by calculating the urinary protein-to-creatinine ratio. 
The urinary creatinine concentration was determined with the Jaffe method, after a 
previous 1:49 dilution with Na Cl solution 0.9%, and the result was multiplied with 
50. The urinary protein was determined by the colorimetric method with pyrogalol-
red. The cats were excluded from the assessment of the urinary protein-to-creatinine 
ratio, if any active sediment was observed at the microscopic examination or if the 
samples presented hematuria. 

Blood pressure was determined by oscillometric method, with the Cardell 
Veterinary Monitor 9401 device, which measures systolic blood pressure (SBP), 
diastolic blood pressure (DBP), mean arterial blood pressure (MBP) and pulse 
frequency. Blood pressure measurement was performed at the thoracic limb, at 
median artery level, with cuffs width of about 30-40% of the forearm circumference. 
The measurement (BP) was performed in the presence of cat owner, after a 15-
minute accommodation of the cat with the area and with the measurement 
equipment. BP evaluation was performed with cats in a comfortable position. The 
cats that were too stressed were held by their owners in their arms, and the 
thoracic member was maintained at heart height level. For each cat, the systemic 
blood pressure value was calculated as the mean of five consecutive 
measurements. 
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Results and discussions  

The analysis of the correlation between blood pressure and plasmatic 
concentrations of creatinine, urea, phosphate, total protein, albumins and sodium 
proved that there was not any significant association between these variables 
(table 1). However, we observed that there was a slightly negative, but significant 
correlation between the plasmatic potassium concentration and TAS (r = - 0.36; p < 
0.01), TAD respectively (r = - 0.35; p < 0.01). This means that as blood pressure 
increases, the blood potassium concentration decreases, respectively the 
hypopotassemia may represent a risk factor for the apparition of hypertension in 
the cats with chronic renal failure. On the contrary, the correlation between pulse 
frequency and plasmatic potassium concentration was not significant (r = - 0.18; p = 0.14).  

Table 1 
Correlation between blood pressure and the blood biochemical parameters of 

renal profile 

Variable 
Creatinine 

(mg/dl) 

K 

(mmol/l) 

Na 

(mmol/l) 

Phosphate 

(mg/dl) 

Total  

proteine 

(g/dl) 

Urea 

(mg/dl) 

Albumine 

(mg/dl) 

SBP 

mmHg 
- 0.197 - 0.368** - 0.216 - 0.266* - 0.147 - 0.15 0.005 

DBP 

mmHg 
- 0.171 - 0.350** - 0.182 - 0.254 - 0.069 - 0.12 0.084 

MBP 

mmHg 
- 0.220 - 0.258* - 0.229 - 0.314* - 0.085 - 0.22 0.131 

Pulse 
frequency 

- 0.002 - 0.182 0.167 - 0.061 0.212 0.033 0.255 

Note:** correlation is significant at the 0.01 level (2-tailed); * correlation is significant at the 
0.01 level (2-tailed) 

 
In humans, the epidemiological studies have shown that hipokalemia, 

generated by dietary intake potassium deficiency, increases the risk of essential 
hypertension and cerebral vascular accidents. The mechanisms by which 
potassium protect against hypertension could be: the reduction of renin secretion; 
the reduction of the vascular smooth muscle pressor response to pressing 
substances; the increase of sodium elimination at renal level, by decreasing its 
readsorption at proximal tube level (5).  

Although hypokalemia represents a frequently encountered complication in 
cats with CRF (4), the relationship between hypertension and plasmatic potassium 
level has been less investigated. Therefore, hypokalemia was identified as a 
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significant risk factor in the cats with systemic hypertension, in an epidemiological 
study performed on 103 cats with CRF, where the only biochemical variable 
significantly correlated with the diagnosis of hypertension was represented by the 
plasmatic potassium concentration (11, 12). 

The reduction of plasmatic potassium concentration in hypertensive cats 
could be the consequence of the hyperaldosteronism, secondary to the increase of 
renin secretion at juxtaglomerular apparatus level. 

The correlation between blood pressure value and plasmatic sodium 
concentration in the cats from this study was insignificant. Also, we did not observe 
any significant differences between the normotensive cats and the hypertensive 
ones from the viewpoint of the plasmatic sodium concentration. Although it was not 
possible to determine accurately the sodium ingestion up to the moment of 
diagnosis, none of the cats were not fed diets with high sodium chloride content 
diets. Generally, in humans hypertension is accepted that there is an imbalance 
between salt intake and renal excretion of NaCl. This imbalance may be more 
evident in the individuals with renal insufficiency, meaning that sodium excretion 
may be diminished, leading to volemic expansion and hypertension (5). Although, 
in human, the excessive NaCl intake represents a significant risk factor in the 
apparition of essential hypertension, in dogs and cats this thing has not been 
demonstrated yet (1, 5). So, in an experimental study performed on cats with 
induced renal insufficiency through partial nephrectomy, with an azotemia that was 
similar with the one in stages II and III of CRF (according to IRIS classification), the 
differentiated NaCl intake (reduced or increased) did not exert any effect on blood 
pressure. Moreover, the low NaCl content in the diet was associated with the 
reduction of glomerular filtration rate and with the activation of the renin-
angiotensin-aldosterone system. Similar results were observed in healthy cats, too, 
which were fed with diets with differentiated NaCl contents. These results infirm the 
hypothesis that cats present sensibility to salt like humans, or like the one proved in 
experimental studies on rats (1, 5, 8). 

Between the hypertensive and the normotensive cats, there were no 
significant differences concerning the plasmatic concentration of urea, creatinine, 
phosphorus, total protein and albumins (table 2). On the contrary, the mean 
plasmatic potassium concentration was significantly lower in the hypertensive cats 
than in the normotensive ones (p<0.05). 

Hypokalemia may be observed in about 20% of the cats with CRF. 
Hypokalemia determines muscle weaknesses, difficult walking and even pain, which 
can be seen through cervical ventroflexion (4, 9, 10). Also, hypokalemia diminish 
protein synthesis, leading to weight loss, deterioration of hair quality and contributes 
to the maintenance and aggravation of polyuria, by reducing the renal response to 
the antidiuretic hormone (ADH). Hypokalemia may contribute directly to renal injuries 
and CRF progression by promoting polyuria as a result of the reduction of renal 
response to ADH, and also by increasing ammonium synthesis. Some studies 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLIII (1), 2010, TIMIŞOARA 
 

 316   

proved also that hypopotassemia contributes to the apparition of metabolic acidosis 
and hypertension, which may occur during CRF evolution (9, 10, 12). 

Table 2 
Descriptive statistics of the blood biochemical parameters in normo- and 

hypertensive cats 
 Normotensive cats  Hypertensive cats 

Variable 
n Mean Standard  

deviation 
Standard 

error mean n Mean  Standard  
deviation 

Standard 
error mean 

Creatinine 
(mg/dl) 29 4.2 2.63 0.48 36 3.2 1.87 0.31 

Urea 
(mg/dl) 29 111.7 61.00 11.32 36 94.6 58.19 9.69 

Phosphate 
(mg/dl) 26 7.4 3.02 0.59 33 6.0 2.34 0.40 

Albumine 
(g/dl) 26 2.7 0.61 0.11 32 2.8 0.48 0.08 

Total 
protein 
(g/dl) 

26 7.2 0.87 0.17 32 7.2 0.83 0.15 

K 
(mmol/l) 29 4.26 0.79 0.14 36 3.7 0.92 0.15 

Na 
(mmol/l) 26 150.8 6.24 1.27 36 150.0 6.21 1.38 

 
The mean value of the urinary protein-to-creatinine ratio (UPC) in cats with CRF 

was 0.48 ± 0.26 mg/dl, slightly above the reference upper limit for healthy cats (0.4 
mg / dL). In contrast, between normotensive and hypertensive cats the differences 
between the mean UPC ratios (fig.1) were significant (p < 0.001). 
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Fig. 1. Mean values of urine proteine/creatinine ratio in normo- and hypertensive cats 

 
Furthermore, there was a positive and significant correlation between blood 

pressure and the UPC ratio. In contrast, between plasmatic creatinine 
concentration and the UPC ratio the correlation was insignificant. Consequently, 
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the higher proteinuria of the hypertensive cats could be the result of the changes 
occurred in the intrarenal hemodynamics at the same time with blood pressure 
increase. So, in chronic renal diseases, consecutive to progressive nephronic mass 
loss, the first compensating mechanism takes place in the hemodynamics of the 
glomerular renal microcirculation and is consisted of the reduction of preglomerular 
vascular resistance, leading to the increase of the glomerular flow and of the 
transglomerular hydrostatic pressure [2, 3, 7].  

Table 3 
Correlation between arterial blood pressure, UPC ratio and plasmatic 

creatinine concentration 

Variable  SBP 
(mmHg) 

DBP 
(mmHg) 

MBP 
(mmHg) 

 
UPC ratio 

(mg/dl) 

Pearson 
corelation 0.36** 0.39** 0.24* 1.00 

UPC ratio 
(mg/dl) 

p 0.00 0.00 0.05 . 

Pearson 
corelation -0.20 -0.17 -0.27 -0.08 Plasmatic creatinine 

concentration 
 p 0.12 0.17 0.03 0.53 

*correlation is significant at the 0.05 level; ** corelation is significant at the 0.01 level 
 
As a result of the adaptative vasodilatation of the afferent arteriole, the increase 

of systemic blood pressure will be effectively transmitted to the glomerular 
capillaries, causing barotrauma and glomerular injury (5). So, the intraglomerular 
hypertension, with the mechanical injury induced at glomerular basal membrane 
level, will lead to the alteration of glomerular basal membrane permeability and 
selectivity. Consecutively, the glomerular permeability for protein increase 
eventually leading to the increased proteinuria. The excessive protein amount in 
the glomerular filtrate plays an important role in the initiation of glomerulosclerosis 
and of the tubulointerstitial lesions from CRF (6, 7).  

 
Conclusions 

  
The correlations between blood pressure and plasmatic concentrations of 

creatinine, urea, phosphate, total protein, albumins and sodium were not 
significant. 

There is a significant negative correlation between blood pressure value 
and plasmatic potassium concentration.  

Urinary protein-to-creatinine ratio was positively and significantly correlated 
with blood pressure value. 
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