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Abstract : Cystatin C is a low molecular weight 13 kilodalton protein. It is known to be a more sensitive marker
of glomerular filtration rate than creatinine in humans. The purpose of the present study was to demonstrate the changes
of renal markers including cystatin C according to the severity of chronic mitral valve insufficiency (CMVI) and to
investigate the clinical relevance of cystatin C as an early renal marker in dogs with CMVI. A retrospective study
was performed to assess renal function according to International Small Animal Cardiac Health Council (ISACHC)
system classification of heart failure in dogs with CMVI. Thirty seven dogs were divided into a group 1 (healthy
dogs ; n = 10), a group 2 (ISACHC I ; n = 10) and a group 3 (ISACHC II-III ; n = 17). In all dogs, serum concentrations
of bun (sUr), creatinine (sCr) and cystatin C (sCys-C) were measured with an automated analyzer. In dogs with CMVI,
sCys-C concentrations were significantly correlated with sCr concentrations and were independent of age, BW, SBP,
and sex. Renal dysfunction tended to occur more frequently as the severity of CMVI increases. In dogs with mild
CMVI, only sCys-C concentrations were statistically higher than in healthy dogs. This study demonstrates the clinical
relevance of sCys-C. sCys-C may be a valuable renal marker for early diagnosis of renal dysfunction in dogs with
CMVI.
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Introduction

Renal dysfunction is often reported as a potential conse-

quence of chronic heart failure (CHF) in humans and dogs

(2,24,32). Although the exact pathogenesis remains unclear,

decreased cardiac output associated with lower renal perfusion

and hemodynamic alterations as a result of the activation of

neurohormonal systems can affect renal function and decrease

the glomerular filtration rate (GFR) (2,24,34). A previous

study reported that 21% of human patients diagnosed with

CHF had associated renal dysfunction (21). Information con-

cerning the actual prevalence of renal dysfunction in dogs

with CHF is not available in the veterinary literature. How-

ever, one study described that renal dysfunction occurred in

dogs with CMVI, which is the most common cause of CHF

in small-breed dogs (24).

Renal dysfunction is usually progressive and strongly asso-

ciated with mortality in humans with CHF (2,7,36). In

patients with CHF, it is not only fatal by itself causing renal

failure but also detrimental in managing CHF resulting in

hypertension, anemia, and volume overload (30). Therefore,

early diagnosis and therapeutic intervention of renal dysfunc-

tion may slow the progression of renal disease and prolong

the median survival time in dogs with CMVI.

The direct measurement of GFR is considered the best

method for assessing renal function because it is directly pro-

portional to functional renal mass (1,4,35). However, measur-

ing the GFR can be challenging because the procedure is

time-consuming and stressful to patients with CMVI (12,25).

The sCr and sUr are renal markers that indirectly indicate the

GFR (12,26). They are easily measured and have been widely

used for assessing renal function to date (12,26). However,

the serum concentrations of these markers do not increase

until approximately 75% of the functional renal mass is lost

(1,9,13,22). In addition, these markers are influenced by extra-

renal factors, such as age, dietary protein, hydration status,

and muscle mass (1,5,7). Therefore, different renal markers

are required for an early and accurate diagnosis of renal dys-

function in dogs with CMVI.

Cystatin C is a low molecular weight 13 kilodalton protein

and a member of the cystatin superfamily of cysteine pro-

tease inhibitors (1,12,35). Cystatin C has properties that make

it an ideal endogenous GFR marker. It is produced at a con-

stant rate by all nucleated cells and is freely filtered at the

glomerulus (31,35). It is absorbed and catabolized in the cells

of the proximal tubule, and is not secreted during tubular

secretion (31,35). In addition, previous studies in humans de-

monstrated that sCys-C concentration was independent of

diet, sex, body weight (BW), and muscle mass (1,29).

In humans, sCys-C is suggested to be a better renal marker

for GFR than sCr (15,18,23,35). According to the previous

studies, sCys-C concentrations correlated more strongly with

GFR measured using the creatinine clearance test than did

sCr concentrations (15,35). Moreover, changes in the sCys-C

concentrations were more prominent in the patients with a

mild decrease in the GFR, making it a better screening test

for early diagnosis of kidney disease (15,35). Despite the few
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veterinary medicine studies on cystatin C, some studies dem-

onstrated the clinical value of cystatin C as an early renal

marker in dogs (6,35).

The purpose of the present study was to evaluate the

changes in renal markers including cystatin C, according to the

severity of CMVI, and to investigate the clinical relevance of

cystatin C as an early renal marker in dogs with CMVI.

Materials and Methods

Animals

This retrospective study was performed to assess renal

function in dogs with CMVI. Thirty-seven dogs of different

breeds, sexes, and ages were used in this study. All dogs had

a BW below 14 kg. The severity of CMVI was evaluated

according to the ISACHC classification of heart failure (Table

1) (11). Dogs were divided into 3 groups: group 1 (healthy

dogs ; n = 10), group 2 (ISACHC I ; n = 10), and group 3

(ISACHC II-III ; n = 17). Dogs were defined as healthy if

their history, physical examination, complete blood count,

serum biochemistry, and urinalysis were unremarkable. Phys-

ical, radiographic, and echocardiographic examinations and

systolic blood pressure (SBP) measurement were performed

in dogs from groups 2 and 3.

Diagnostic criteria of CMVI

Physical, radiographic, and echocardiographic examinations

were performed to diagnose CMVI in dogs. On auscultation,

all the dogs evaluated had a systolic murmur with the maxi-

mum point of intensity near the mitral valve area. The pul-

monary edema caused by CMVI was documented by pul-

monary infiltrates and left atrial enlargement on thoracic

radiographs, clinical signs related with CMVI, and the need

for diuretics to relieve clinical signs. Echocardiographic exam-

ination was performed on an ultrasound apparatus (Xario

SSA-660A, Toshiba, Japan). Mitral valve regurgitation caused

by degenerative changes in the mitral valve leaflets (prolapse,

thickening) were detected on color Doppler examination. The

left ventricular shortening fraction had to be > 20%. Dogs

with concomitant congenital or acquired heart disease, such

as aortic stenosis or bacterial endocarditis, were excluded from

this study.

Measurement of systolic blood pressure

For the measurement of systolic blood pressure (SBP), an

ultrasonic Doppler flow detector (Model 812, Parks Medical

Electronics Inc., USA) was used. After applying an aqueous

ultrasonic transmission gel (Eco gel 99, Seung Won Medical

Corp., Korea), the Doppler flow probe was placed on palmar

of the thoracic limb (median artery). The occluding cuff was

placed proximally to the Doppler flow probe. The pressure of

the cuff was increased until the flow signal disappeared and

was then gradually decreased. SBP was measured when the

first audible signal was detected for more than 5 times and

the average SBP was calculated.

Blood samples

3 mL of whole blood was collected into a serum separating

tube (BD vacutainer®, Becton Dickinson and Co, UK). Serum

was separated by centrifugation (Sigma, Sartorius AG, Ger-

many) at 5000 rpm for 5 minutes immediately after collec-

tion. Serum samples were analyzed immediately or stored at

- 20oC for a maximum of 6 weeks until analysis.

Analytical procedures

sCys-C was measured using a commercial particle-enhanced

turbidimetric immunoassay (PETIA) and a cystatin C reagent

set (Tina-quant Cystatin C, Roche Diagnostics GmbH, Ger-

many) designed for human samples. The principle of the

analysis involves the binding of cystatin C to rabbit anti-

human cystatin C antibody coupled to polystyrene particles,

resulting in the formation of agglutinates. The degree of tur-

bidity caused by the formation of agglutinates was deter-

mined turbidimetrically for the measurement of the sCys-C

concentration. All assays used for sUr, sCr, and sCys-C were

performed using an automated biochemistry analyzer (Mind-

ray BS-200 automatic biochemistry analyzer, Shenzhen Min-

dray Bio-Medical Electronics Co., China), according to the

manufacturer’s description.

Statistical analysis

Statistical analysis was performed using the Statistical Pack-

age for the Social Science (IBM Corporation, USA) program

version 12.0. Data were expressed as mean ± standard devia-

tion (SD). The Kruskal-Wallis test and the Mann-Whitney U

test were used to compare the concentrations of sUr, sCr, and

sCys-C between the groups. Spearman’s correlation statistics

were used to assess the relationships of sCys-C with other

renal markers and biological factors. For all analysis, a value

of less than 0.05 (P < 0.05) was considered statistically sig-

nificant

Results

Baseline characteristics of the dogs

This retrospective study examined 37 dogs (Table 2). Of

the 37 dogs, 10 dogs were clinically healthy (group 1) and 27

dogs were diagnosed with CMVI (groups 2 and 3). In groups

2 and 3, the most represented breeds were Shih tzu (n = 8),

Maltese (n = 7) and Poodle (n = 4). Twelve dogs were female

and 15 dogs were male. The age of the dogs with CMVI

ranged between 8 and 16 years (median of 12 years), and the

Table 1. International Small Animal Cardiac Health Council
(ISACHC) classification of heart failure

ISACHC classification

Class I Ia
No evidence of compensation for 

underlying heart disease

(asymptomatic) Ib
Clinical signs of compensation for 

underlying heart disease

Class II

(symptomatic)

Mild to moderate heart failure with 

clinical signs

Class III IIIa
Severe heart failure - home treat-

ment possible

(symptomatic) IIIb
Severe heart failure - hospitalization 

required
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BW ranged between 2.4 and 13.6 kg (median of 5.7 kg). SBP

ranged between 100 and 170 mmHg, with a mean ± SD of

127.74 ± 20.32 mmHg. The drugs for CMVI treatment were

already being administered in 89% of the animals when the

concentrations of sUr, sCr, and sCys-C were measured in this

study.

Correlation of sCys-C with other renal markers and

diverse biological factors

Correlation of sCys-C concentrations with sUr and sCr

concentrations

The correlation coefficients of sCys-C concentrations with

sUr and sCr concentrations are shown in Table 3. In group 1,

there were no statistically significant correlations between

sCys-C and sUr concentrations (r = 0.037, p = 0.920) and bet-

ween sCys-C and sCr concentrations (r = 0.090, p = 0.806).

On the other hand, sCys-C concentrations were positively

correlated with sUr (r = 0.467, p < 0.05) and sCr (r = 0.593,

p < 0.01) concentrations in groups 2 and 3, respectively.

Effects of age, sex, BW, and SBP on the concentrations

of sCys-C in dogs with CMVI.

In groups 2 and 3, the Spearman’s correlation coefficients

between sCys-C and other factors, such as age, BW, and

SBP, are shown in Fig 1. No significant correlation was found

between sCys-C and age (r = 0.361, p = 0.064), between sCys-

C and BW (r = 0.152, p = 0.449), and between sCys-C and

SBP (r = 0.085, p = 0.672). In addition, there was no statisti-

cal difference in the sCys-C concentration between females

and male dogs (p = 0.427) (Fig 2).

Concentrations of sUr, sCr, and sCys-C in dogs

The concentrations of sUr, sCr, and sCys-C, and the per-

centage of azotemic dogs are shown in Table 4. The mean

concentration of sUr, sCr, and sCys-C increased with an

increase in the severity of CMVI. Statistical differences in

these concentrations between the three groups are illustrated

in Fig 3. There were statistically significant differences in the

concentrations of sUr, sCr, and sCys-C between groups 1 and

Table 2. Baseline characteristics and SBP of 37 dogs in this study

Group 1

Min-Max

Group 2

Min-Max

Group 3

Min-Max

Sex - Female (n) 5 4 8

 Male (n) 5 6 9

Age (years) 2-10 9-16 8-16

BW (kg) 5.8-13.6 2.45-9.6 3-13.6

SBP (mmHg) 90-130 100-170 100-165

BW, body weight; SBP, systolic blood pressure; Min, minimum;
Max, maximum.

Table 3. Spearman’s correlation coefficients among sUr, sCr,
and sCys-C concentrations

Correlation between

sCys-C and sUr

Correlation between

sCys-C and sCr

Group 1 r = 0.037 r = 0.090

Group 2&3 r = 0.467 r = 0.593

sUr, serum urea; sCr, serum creatinine; sCys-C, serum cystatin C.

Fig 1. Scatterplots between age, BW, SBP and sCys-C in dogs with CMVI. No significant correlation was found between age, BW,

SBP and sCys-C.

Fig 2. Box and whisker diagram for comparison of sCys-C con-

centration between sexes. The sCys-C concentration was not

statistically different between sexes in dogs with CMVI (p =

0.427).

Table 4. Concentrations of sUr, sCr, and sCys-C, and percentage
of azotemic dogs in 37 dogs. Results expressed as mean values
± SD

Groups sUr (mg/dl) sCr (mg/dl) sCys-C (mg/L)

Group 1 12.15 ± 2.63 0.65 ± 0.12 0.6 9 ± 0.1

Group 2 19.85 ± 12.37 0.82 ± 0.38 0.92 ± 0.33

Group 3 48.52 ± 53.76 1.38 ± 1.18 0.98 ± 0.31

Azotemic dogs 

(%)*
10 % 35 %

sUr, serum urea; sCr, serum creatinine; sCys-C, serum cystatin C.
*A dog was regarded as azotemic status if concentrations of sUr or
sCr exceeded 26 mg/dL and 1.3 mg/dL, respectively.
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3. In group 3, these concentrations were 48.52 ± 53.76 mg/dl,

1.38 ± 1.18 mg/dl, and 0.98 ± 0.31 mg/dl, respectively. These

values were significantly higher than those obtained in group

1 (12.15 ± 2.63 mg/dl, p = 0.000; 0.65 ± 0.12 mg/dl, p = 0.008;

and 0.69 ± 0.1 mg/dl, p = 0.003, respectively). Between groups

2 and 3, there were no statistically significant differences in

the concentrations of sUr (p = 0.057), sCr (p = 0.084), and

sCys-C (p = 0.273). Similarly, there were no statistically sig-

nificant differences in the concentrations of sUr (p = 0.026)

and sCr (p = 0.098) between groups 1 and 2, except for sCys-

C. The concentration of sCys-C in group 2 (0.92 ± 0.33 mg/

dl) was significantly higher than that in group 1 (0.69 ± 0.1

mg/dl, p = 0.009). The reference ranges of sUr and sCr, in

the laboratory where the analyses were performed, were 8-

26 mg/dL and 0.5-1.3 mg/dL, respectively. Among the dogs

diagnosed with CMVI, 10% of the dogs in group 2 and 35%

of the dogs in group 3 were azotemic.

Discussion

Cardiorenal syndrome (CRS) is defined as “disorders of the

heart and kidney, whereby acute or chronic dysfunction in

one organ may induce acute or chronic dysfunction in the

other” (2). CMVI, which results in congestive heart failure, is

the most common cause of CRS in small-breed dogs (3). In

this study, renal function was evaluated by measuring sCys-C

using a human PETIA assay. The correlation of sCys-C with

other renal markers, the effects of physiological factors on

sCys-C, and the potential of sCys-C as an early renal marker

were evaluated in dogs with CMVI.

To date, veterinary assays for measurement of sCys-C are

not available. All previous studies on sCys-C in dogs were

performed using human PETIA assays, some of which yielded

meaningful results (1,12,16,35). In addition, human and ani-

mal sCys-C amino acid sequences revealed a high degree of

homology, approximately between 46% and 79% (27). There-

fore, we measured sCys-C in dogs using the human PETIA

assay, which is considered acceptable for measuring sCys-C

in dogs. Even though the stability of sCys-C has not been

evaluated in dogs, human sCys-C is known to be stable for 7

days at 4oC and indefinitely at - 20oC (14). Therefore, the

frozen samples, which were stored at - 20oC for 6 weeks,

were regarded as acceptable for analysis in this study. 

We did not perform a clearance test of exogenous sub-

stances to estimate the GFR in this study. However, previous

studies have evaluated the correlation between GFR and renal

markers (12). The sUr concentrations are easily influenced

by various extra-renal factors, such as food intake, dehydra-

tion, and hemorrhage, and consequently are inappropriate for

estimating the GFR (8,22,28). The sCr concentrations showed

a significant correlation with GFR in patients with chronic

kidney disease. However, no correlation was observed in

patients with normal GFR (12,17). The sCys-C concentra-

tions correlated with the GFR in the entire GFR range but the

correlation was weak in patients with normal GFR (17,33).

Our results indicated the lack of correlation between sCys-C

and sUr concentrations and between sCys-C and sCr concen-

trations in healthy dogs. Measuring renal markers is clini-

cally less useful in healthy dogs because GFR estimation by

these markers is not accurate. A significant correlation was

observed between sCys-C and the concentrations of other

renal markers in dogs with CMVI. The correlation was stron-

ger between sCys-C and sCr concentrations than between

sCys-C and sUr concentrations. This results shows that sCyc-

C can be used as a reliable renal marker in dogs with CMVI,

which are considered as having renal dysfunction.

sCys-C is known to be less influenced by biological fac-

tors, whereas sCr is dependent on the dog breed, age, diet,

and muscle mass (5,12,37). Human studies indicated that the

sCys-C concentration was not affected by diet, muscle mass,

and sex (4,10,12). In previous veterinary medic ine studies, sex

and BW did not affect the sCys-C concentrations. However,

the relationship between age and sCys-C concentrations was

not clearly demonstrated (6,12,35). In this study, no signifi-

cant correlations were found between age, BW, sex, and sCys-

C concentrations in dogs with CMVI. sCys-C may be used as

a renal marker regardless of the presence of other biological

factors in dogs with CMVI. It is well-known that hyperten-

sion is a risk factor of renal damage, resulting in renal fail-

ure (19). Of interest, there was no correlation between sCys-

C concentrations and SBP in this study. Most dogs main-

tained normal SBP regardless of the severity of CMVI. This

may be due to antihypertensive drugs prescribed to the dogs

for the management of CMVI before they were included in

this study. Additional studies involving a larger number of

dogs are needed to clarify the effects of these biological fac-

tors and SBP on sCys-C.

CRS is commonly encountered in clinics and renal dys-

function is prone to occur with the increase in the severity of

CHF in humans and dogs (20,24). A previous study reported

that 50% of the dogs with CMVI and 70% of the dogs in

New York Heart Association class IV were azotemic (24). In

the present study, the concentrations of renal markers, includ-

ing sCys-C, tended to increase with the increase in the sever-

Fig 3. Box and whisker diagram for comparison of sUr, sCr, and sCys-C concentrations among groups. Between group 1 and 3, the

concentrations of sUr, sCr, and sCys-C were statistically different. Between group 1 and 2, the concentration of sCys-C was statistically

different. *There was a statistically significant difference between groups (P value < 0.05).
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ity of CMVI. In addition, 10% of the dogs in group 2 and

35% of the dogs in group 3 were azotemic. Even though we

could not elucidate the pathogenesis of CRS, there are some

possible reasons for the azotemic status, depending on the

severity of CMVI. The outcomes of CMVI, the drugs used

for the management of CMVI, and other age-related underly-

ing diseases that result in renal dysfunction may affect renal

function in dogs with CMVI. 

sCys-C can be a good alternative to sCr as the screening

method for detecting decreases in the GFR associated with

CMVI for several reasons. Several studies in humans and dogs

showed that sCys-C concentrations were more strongly cor-

related with GFR compared to sCr concentrations (15,35). In

addition, among the three renal markers, only sCys-C con-

centrations were statistically higher in dogs with mild CMVI,

who might have early renal dysfunction, than in healthy

dogs. The most important clinical finding in this study is that

some dogs had elevated sCys-C concentrations with normal

sCr concentrations. In 3 dogs of group 2 and 5 dogs of group

3, sCys-C concentrations were higher than the upper limit of

sCys-C (0.84 mg/L) measured in healthy dogs, whereas sCr

concentrations were within the reference range. It is notable

that all 8 dogs had CMVI, which might affect renal dysfunc-

tion. Our results also indicated that sCys-C concentrations

were elevated in all dogs with elevated sCr concentrations,

suggesting that it is unnecessary to measure sCys-C when the

sCr concentration is already elevated. On the basis of these

results, we speculate that sCys-C can be an early renal marker

for detecting renal dysfunction in dogs with CMVI.

This study has several limitations. First, the number of

samples in each ISACHC group was not sufficient for statis-

tical analysis. Two ISACHC groups were considered as a sin-

gle group for statistical analysis. In addition, a reliable normal

range of sCys-C measured using PETIA assay was not estab-

lished owing to the lack of samples in this study. Second,

GFR was not calculated because the procedure for GFR esti-

mation is time-consuming, labor-intensive, and stressful to

dogs with CMVI. Therefore, the degree of correlation between

the GFR and renal markers such as sCys-C and sCr was not

evaluated. Third, most dogs were diagnosed as having only

CMVI. However, some dogs had other associated diseases,

including hyperadrenocorticism, hypothyroidism, and pancre-

atitis. Even though data on the effects of other diseases on

sCys-C concentration are limited in veterinary medicine stud-

ies, other diseases may impact kidney function and change

the sCys-C concentration. 

The present study highlighted the clinical relevance of

sCys-C as a renal marker in dogs with CMVI. Based on the

results, sCys-C may be a valuable renal marker for early diag-

nosis of renal dysfunction in dogs with CMVI. However, for

clinical application, further studies are required to establish

the normal range of sCys-C and clarify the effects of other

diseases on sCys-C.

References

1. Almy FS, Christopher MM, King DP, Brown SA. Evaluation

of cystatin C as an endogenous marker of glomerular

filtration rate in dogs. J Vet Intern Med 2002; 16: 45-51.

2. Anand IS. Cardiorenal syndrome: a cardiologist's perspective

of pathophysiology. Clin J Am Soc Nephrol 2013; 8: 1800-

1807.

3. Atkins C, Bonagura J, Ettinger S, Fox P, Gordon S,

Haggstrom J, Hamlin R, Keene B, Luis-Fuentes V, Stepien

R. Guidelines for the diagnosis and treatment of canine

chronic valvular heart disease. J Vet Intern Med 2009; 23:

1142-1150.

4. Baxmann AC, Ahmed MS, Marques NC, Menon VB,

Pereira AB, Kirsztajn GM, Heilberg IP. Influence of muscle

mass and physical activity on serum and urinary creatinine

and serum cystatin C. Clin J Am Soc Nephrol 2008; 3:

348-354.

5. Braun J-P, Lefebvre HP. Kidney function and damage. In:

Clinical Biochemistry of Domestic Animals, 6th ed. London:

Elsevier. 2008: 485-528.

6. Braun J-P, Perxachs A, Pe D, De La Farge F. Plasma

cystatin C in the dog: reference values and variations with

renal failure. Comp Clin Path 2002; 11: 44-49.

7. Cobrin AR, Blois SL, Kruth SA, Abrams-Ogg AC, Dewey

C. Biomarkers in the assessment of acute and chronic kidney

diseases in the dog and cat. J Small Anim Pract 2013; 54:

647-655.

8. Evans G. Post-prandial changes in canine plasma creatinine.

J Small Anim Pract 1987; 28: 311-315.

9. Finco DR, Brown SA, Vaden SL, Ferguson DC. Relationship

between plasma　creatinine concentration and glomerular
filtration rate in dogs. J Vet Pharmacol Ther 1995; 18: 418-

421.

10. Finney H, Newman DJ, Price CP. Adult reference ranges

for serum cystatin C, creatinine and predicted creatinine

clearance. Ann Clin Biochem 2000; 37: 49-59.

11. Garncarz M, Parzeniecka-Jaworska M, Jank M, ój M. A

retrospective study of clinical signs and epidemiology of

chronic valve disease in a group of 207 Dachshunds in

Poland. Acta Vet Scand 2013; 55: 52.

12. Ghys L, Paepe D, Smets P, Lefebvre H, Delanghe J, Daminet

S. Cystatin C: a new renal marker and its potential use in

small animal medicine. J Vet Intern Med 2014; 28: 1152-

1164.

13. Gleadhill A. Evaluation of screening tests for renal insuffi-

ciency in the dog. J Small Anim Pract 1994; 35: 391-396.

14. Heiene R, Moe L. Pharmacokinetic aspects of measurement

of glomerular filtration rate in the dog: a review. J Vet Intern

Med 1998; 12: 401-414.

15. Hojs R, Bevc S, Ekart R, Gorenjak M, Puklavec L. Serum

cystatin C as an endogenous marker of renal function in

patients with chronic kidney disease. Ren Fail 2008; 30: 181-

186.

16. Jensen AL, Bomholt M, Moe L. Preliminary evaluation of a

particle-enhanced turbidimetric immunoassay (PETIA) for the

determination of serum cystatin C-like immunoreactivity in

dogs. Vet Clin Pathol 2001; 30: 86-90.

17. Kyhse-Andersen J, Schmidt C, Nordin G, Andersson B,

Nilsson-Ehle P, Lindström V, Grubb A. Serum cystatin C,

determined by a rapid, automated particle-enhanced turbidi-

metric method, is a better marker than serum creatinine for

glomerular filtration rate. Clin Chem 1994; 40: 1921-1926.

18. Le Bricon T, Thervet E, Froissart M, Benlakehal M,

Bousquet B, Legendre C, Erlich D. Plasma cystatin C is

superior to 24-h creatinine clearance and plasma creatinine

for estimation of glomerular filtration rate 3 months after

kidney transplantation. Clin Chem 2000; 46: 1206-1207.

19. Lindeman RD, Tobin JD, Shock NW. Association between

L′



86 Na-Young Eom, Eul-Soo Choi, Joong-Hyun Song, Hee-Chun Lee and Dong-In Jung

blood pressure and the rate of decline in renal function with

age. Kidney Int 1984; 26: 861-868.

20. McAlister FA, Ezekowitz J, Tonelli M, Armstrong PW. Renal

insufficiency and heart failure prognostic and therapeutic

implications from a prospective cohort study. Circulation

2004; 109: 1004-1009.

21. McClellan WM, Langston RD, Presley R. Medicare patients

with cardiovascular disease have a high prevalence of chronic

kidney disease and a high rate of progression to end-stage

renal disease. J Am Soc Nephrol 2004; 15: 1912-1919.

22. Miyagawa Y, Takemura N, Hirose H. Assessments of factors

that affect glomerular filtration rate and indirect markers of

renal function in dogs and cats. J Vet Med Sci 2010; 72:

1129-1136.

23. Newman DJ, Thakkar H, Edwards RG, Wilkie M, White T,

Grubb AO, Price CP. Serum cystatin C measured by auto-

mated immunoassay: a more sensitive marker of changes in

GFR than serum creatinine. Kidney Int 1995; 47: 312-318.

24. Nicolle AP, Chetboul V, Allerheiligen T, Pouchelon JL, Gouni

V, Tessier-Vetzel D, Sampedrano CC, Lefebvre HP. Azotemia

and glomerular filtration rate in dogs with chronic valvular

disease. J Vet Intern Med 2007; 21: 943-949.

25. Paepe D, Daminet S. Feline CKD: Diagnosis, staging and

screening - what is recommended? J Feline Med Surg 2013;

15: 15-27.

26. Pasa S, Kilic N, Atasoy A, Derincegoz OO, Karul A. Serum

cystatin C concentration as a marker acute renal dysfunction

in critically ill dogs. J Anim Vet Adv 2008; 7: 1410-1412.

27. Poulik MD, Shinnick CS, Smithies O. Partial amino acid se-

quences of human and dog post-gamma globulins. Mol

Immunol 1981; 18: 569-572.

28. Prause LC, Grauer GF. Association of gastrointestinal hem-

orrhage with increased blood urea nitrogen and BUN/

creatinine ratio in dogs: a literature review and retrospective

study. Vet Clin Pathol 1998; 27: 107-111.

29. Preiss DJ, Godber IM, Lamb EJ, Dalton RN, Gunn IR. The

influence of a cooked-meat meal on estimated glomerular

filtration rate. Ann Clin Biochem 2007; 44: 35-42.

30. Ronco C, Ronco F. Cardio-renal syndromes: a systematic

approach for consensus definition and classification. Heart

Fail Rev 2012; 17: 151-160.

31. Seronie-Vivien S, Delanaye P, Pieroni L, Mariat C, Froissart

M, Cristol JP. Cystatin C: current position and future

prospects. Clin Chem Lab Med 2008; 46: 1664-1686.

32. Seymour AA, Burkett DE, Asaad MM, Lanoce VM, Clemons

AF, Rogers WL. Hemodynamic, renal, and hormonal effects

of rapid ventricular pacing in conscious dogs. Lab Anim

Sci 1994; 44: 443-452.

33. Vinge E, Lindergård B, Nilsson-Ehle P, Grubb A. Relation-

ships among serum cystatin C, serum creatinine, lean tissue

mass and glomerular filtration rate in healthy adults. Scand

J Clin Lab Invest 1999; 59: 587-592.

34. Vitovec J, Murin J, Spinarova L, Vitovcova L, Spinar J.

Cardiorenal syndrome by heart failure. Vnitr Lek 2013; 59:

707-711.

35. Wehner A, Hartmann K, Hirschberger J. Utility of serum

cystatin C as a clinical measure of renal function in dogs.

J Am Anim Hosp Assoc 2008; 44: 131-138.

36. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod

B, Griffith JL, Salem DN, Levey AS, Sarnak MJ. Chronic

kidney disease as a risk factor for cardiovascular disease and

all-cause mortality: a pooled analysis of community-based

studies. J Am Soc Nephrol 2004; 15: 1307-1315.

37. Westhuyzen J. Cystatin C: a promising marker and predictor

of impaired renal function. Ann Clin Lab Sci 2006; 36:

387-394.


