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Abstract

IDNEYS are vital for regulating hydration, erythropoiesis, elimination of toxins, and

maintaining electrolyte balance. However, measuring certain parameters in dogs’ serum or urine
does not clearly distinguish between acute and chronic kidney dysfunction (AKD, CKD). This
investigation aimed to approach the diagnostic and prognostic significance of serum cystatin C (Cys-
C), arenal function marker, in dogs with AKD and CKD. The current study included 39 dogs total, 10
dogs served as the control group, and 22 dog were diagnosed with AKD and 7 dogs were diagnosed
with CKD, with age range (1-13 years) and sex (22 males and 17 females). All dogs underwent
clinical and physical examinations, a hematological profile including kidney and hepatic function
tests, and urinalysis, as well as renal function marker (Cys-C). Hematology revealed anemia,
thrombocytosis and leukocytosis in both AKD and CKD groups, while serum biochemistry revealed a
significant increase in alkaline phosphatase (ALKP), cholesterol, glucose, ammonia, blood urea
nitrogen (BUN), creatinine (Cr), potassium (K+), phosphorus levels, and Cys-C as well as significant
decrease in BUN/Cr and Na'/K" ratios in both groups, along with a decrease in calcium value and
urine specific gravity in CKD. Urinalysis revealed a significant increase in urinary protein creatinine
(UPC) ratio in both groups. Furthermore, Cys-C demonstrated sensitivity and greater specificity than
creatinine as a prognostic indicator in AKD and CKD cases. As a result, we can conclude that the
serum Cystatin C test holds a significant value as screening diagnostic and prognostic marker for
renal dysfunction in dogs. Its results are correlated in different scenarios in dogs' cases, providing crucial
information for diagnosing and prognosing various conditions from acute and chronic renal diseases.

Keywords: Cystatin C, Dogs, kidney dysfunction, Hemato-biochemical analysis.

Introduction injury (AKI) and often irreversible [3]. It is primarily
an acquired condition with a variety of etiologies,
such as infections (such as pyelonephritis and
pyometra), glomerular diseases, nephrotoxicity,
neoplasia, prior AKI, or urinary obstruction.
Nevertheless, the etiology is unidentified at
presentation and remains unclear throughout the
disease course [4, 5].

Acute kidney dysfunction (AKD) is a common and
fatal condition, sudden onset of renal dysfunction
which is reversible if treated properly, it’s triggered
by various clinical factors, including inflammation,
infection, or toxins. Symptoms such as loss of
appetite, vomiting, diarrhea, increased urination, and
excessive thirst often occur simultaneously. [1].
Serum creatinine (Cr) is the primary marker for
evaluating kidney function. However, Cr levels in the
serum only increase after a 75% decline in the
glomerular filtration rate (GFR). Furthermore, small-
breed dogs have low muscle mass, resulting in
normal serum Cr levels. Consequently, there is a
need for more accurate and sensitive markers that are
not influenced by non-renal factors for the early
diagnosis and prognosis of renal dysfunction [6].
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Dogs of any age can have chronic kidney
dysfunction (CKD), although older dogs are more
likely to develop it. It is characterized by the
presence of functional or structural changes in one or
both kidneys for longer than three months [2]. It is a
progressive condition in dogs, with a highly variable
rate of development. The progression can be slow
and steady or follow an episode of acute kidney
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Serum Cystatin C (Cys-C) is a 13kD small
protein that’s produced by all body cells at fixed rate,
serves as cysteine proteases inhibitor in dogs. It’s
superior GFR biomarker due to its low molecular
weight and almost total resorption and degradation
from proximal convoluted tubules, measurement of
glomerular filtration rate is considered the gold
standard for assessing renal function but techniques
for the measurement of GFR are challenging because
of the need for specialized equipment and the
rigorous sampling procedures [7]. Serum Cys-C
concentrations are significantly higher in dogs with
renal failure than in clinically healthy dogs [8, 9].
Since serum Cys-C is not influenced by age, sex,
diet, or muscle mass, it is a more accurate measure
than serum Cr. Consequently, serum Cys-C in small-
breed dogs may be a potential, sensitive renal marker
[6, 10].

Evaluation the efficacy of serum Cystatin C as a
biomarker for renal dysfunction in dogs is needed to
address the necessity for more accurate and sensitive
indicators that are not influenced by non-renal
factors.

For this, the current study’s objective is to
evaluate the significance of serum Cys-C as a
diagnostic and prognostic biomarker in dogs with
AKD and CKD.

Material and Methods

Animals

Dogs suspected of renal disorders and brought to
Private Small Animal Clinics and outpatient medical
unit of Faculty of Veterinary Medicine; Cairo
University were selected for this study after approval
by the Local Ethical Committee as a part of PhD
dissertation carrying the number of (VET
CU16072020169). All owners consented and were
informed to participate in the study.

A total of 39 dogs participated in this study,
divided into three groups: (1) 10 healthy control dogs
(age range: 2-8 years; 5 males and 5 females), (2) 22
dogs with AKD (age range: 1-12 years; 12 males and
10 females), and (3) 7 dogs with CKD (age range: 4-
13 years; 5 males and 2 females). All dogs were fully
vaccinated, dewormed, and fed a mixed diet.

AKD cases were categorized into four groups
based on the underlying cause: obstruction, systemic
inflammation (i.e. blood parasites), localized organ
infection (i.e. pyelonephritis /pyometra), and
miscellaneous (i.e. drug/diabetes/tumor). In contrast,
CKD cases were classified into stages 3 and 4
according to international renal interest society
(IRIS) guidelines to determine Pearson’s correlation.

Samples

Paired blood and urine samples were collected
from control and clinically affected dogs. All animals
were examined for apparent clinical signs and vital
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signs (Respiratory rate (RR), Pulse rate (PR), Rectal
temperature, Mucous membranes (M.M), and Lymph
nodes (L.N)) were recorded, as shown in Tables 1
and 2.

Hemato-Biochemical assays

Whole blood was collected in EDTA, and lithium
heparin tubes used in CBC (Procyte dx, IDEXX
Laboratory automatic analyzer, inc., USA) and
fasting ammonia (testing within maximum of 2 hours
following sample withdrawal) using automatic
analyzer (Catalyst one, IDEXX Laboratory, inc.,
USA).

Serum was obtained from plain tubes containing
clotted blood by centrifugation at 3000 rpm for 10-15
minutes then stored at -20 °C until analysis of
selected biochemical parameters including liver and
kidney functions (Alanine transaminase (ALT),
Aspartate transaminase (AST), Gamma-
glutamyltransferase (GGT), Alkaline phosphatase
(ALKP), Bilirubin (total), Blood urea nitrogen
(BUN) & Creatinine), electrolytes (Sodium (Na'),
Potassium (K'), Calcium (Ca') & Phosphorus),
protein profile (Albumin (alb), Total protein (TP),
Globulin (glob)), cholesterol, and glucose using
automatic analyzers (Fujifilm Dri-chem NX500V,
Japan) and (Catalyst, IDEXX Laboratory, inc.,
USA).

Serum Cystatin C (Cys-C) was evaluated
quantitatively by enzyme linked immunosorbent
assay (ELISA)-colorimetric using serum samples at
CURP AGRIC lab, Egypt using (Canine Cys-c
ELISA kit, Biotang, inc., USA).

Urine samples were collected by manual
evacuation, catheterization or cystocentesis from
both male and female dogs for urinalysis including
dipstick chemistry (Medi-Test Combi 10 VET strips,
Machery-Nagel, Duren, Germany) to detect Urine
specific gravity (USG) and to detect urinary protein-
to- creatinine ratio (UPC) was performed on fresh
urine samples after centrifugation (using supernatant)
as method of per [11].

Ultrasonography

Ultrasonographic examination was done using B-
mode on transverse and longitudinal lanes on
different U.S machines (Mindray DP 10 — China) and
(Edan dus 60 & Vet — china) all of them equipped
with micro-convex probes, frequencies ranging from
2-6.5 MHZ.

Statistical analysis

Data were analyzed by SPSS package version 20
(SPSS Inc., Chicago, IL, USA). Using independent
samples t-test, expressed as mean values + SE at
levels of significance p < 0.001, p < 0.01 and p <
0.05.
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Sensitivity, specificity, accuracy, positive
predictive value (PPV), negative predictive value
(NPV), and other evaluation points of the serum
Cystatin test as a screening diagnostic for kidney
affection were assessed. Sonography was assigned as
the gold standard test.

Kappa statistic (k) was performed to measure the
agreement between different screening tests based on
the guidelines of [12] and adapted from [13]. The
Landis & Koch scale was used to indicate the degree
of agreement according to the Kappa value, with the
scores divided into: < 0 no agreement; 0.0- 0.20
slight; 0.21- 0.40 fair; 0.41- 0.60 moderate; 0.61-
0.80 substantial; 0.81- 0.99 almost perfect; 1 perfect.

Pearson’s correlation coefficient (7) test was used
to evaluate the association between serum creatinine
and cystatin ¢ as variables. P values less than 0.05
were considered statistically significant.

Results

Most common clinical signs in AKD were
anorexia, vomiting, behavioral changes, oliguria and
anuria/ischuria, while patients with CKD showed
anorexia, lethargy, weakness, weight loss,
Abdominal distension and diverse neurologic and
urologic manifestations (tablel, Figl-2).

Healthy control dogs exhibited normal vital signs,
while the dogs with renal dysfunction showed
alterations in their vital signs. These significant
changes include variations in pulse rate, mucous
membrane color, and lymph node characteristics as
tabulated in table 2.

Abdominal ultrasound (US) examination results
were delivered as mentioned in Fig. 3 & 4, as the
most common findings in AKD were (hypertophic
kidneys, engorged urinary bladder, stones, thickened
cortical area, hydro-nephrosis and dilated pelvis)
while in CKD (hypertrophic and/or hypotrophic
hyper-echogenic kidneys, renal deformities, loss of
cortico-medullary distinction and ascites).

Hematological parameters are tabulated in table
3. Hemoglobin (Hb) and mean corpuscular
hemoglobin concentration (MCHC) levels are
significantly =~ decreased, whereas platelet and
leukocyte counts are significantly higher in both the
AKD and CKD groups compared to the control
group. While packed cell volume (PCV) % is
significantly higher in the AKD group.

Results of serum hepatic biochemical parameters
are tabulated in table 4 to detect the possibility of
hepatorenal syndrome (HRS) related cases.
Significant elevation in ALKP, cholesterol, glucose
and ammonia levels in both AKD and CKD
compared to control dogs, while non-significant
alteration was recorded in ALT, GGT, TP, albumin,
and bilirubin.

BUN, creatinine, potassium, phosphorus, and
UPC levels were significantly higher in both the
AKD and CKD groups than in the control group.
Similarly, the BUN/Cr and Na+/K+ ratios were
significantly lower in both groups. Calcium levels
and urine specific gravity are significantly lower in
the CKD group than in the control group. Moreover,
both groups exhibit a significant rise in serum Cys-C
(Table 5).

In table (6), we are figuring out how effective
serum Cystatin C is in diagnosing a certain condition
compared to serum creatinine. Sensitivity means how
good the test is at correctly identifying cases who
have the condition. In this case, the sensitivity of the
serum Cystatin C test is 63%, which means that it
correctly identifies 63% of the dogs which actually
have the condition. On the other hand, Specificity
means how good the test is at correctly identifying
cases who do not have the condition. The specificity
of the serum Cystatin C test is 100%, which means
that it rarely gives a wrong result for cases who do
not have renal dysfunction.

Next, type 1 (false positive) and type 2 (false
negative) errors. Serum Cystatin C test has a type 1
error rate of 0%, which is great because it means it
hardly ever gives a false positive result. Type 2 error,
or false negative, is when the test says you don't have
the condition when you actually do. The serum
Cystatin C test has a type 2 error rate of 37%, which
means it misses identifying the condition in 37% of
the cases.

Positive predictive value (PPV) indicate the
likelihood that if the test is positive, the case actually
has the condition. In this case, the PPV of the serum
Cystatin C test is 100%, which is very good. While,
negative predictive value (NPV) indicate the
likelihood that if the test is negative, the case doesn't
have the condition. The NPV of the serum Cystatin C
test is 75%.

Overall, the accuracy of the serum Cystatin C test
is 82.5%, which means it is pretty reliable. Also, the
likelihood ratio negative, which is 0.368, but does
not provide information on the likelihood ratio
positive.

In table (7), the agreement between two different
tests for measuring kidney function, serum Cystatin
C, and serum creatinine, is being compared. The
results show a Kappa value of 0.64, which indicates
substantial agreement between the two tests. This
means that there is a high level of agreement between
the results obtained from the two tests.

Overall, comparing the results of two different
tests for measuring kidney function and showing that
there is a significant level of agreement between the
two tests. This information is important to
understand the reliability and accuracy of these tests
in diagnosing kidney function.
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In conclusion, the serum Cystatin C test is quite
good as screening diagnostic and prognostic test for
renal dysfunction cases, with high specificity,
positive predictive value and significant substantial k
agreement to creatinine. However, it does have a
moderate false negative rate, meaning it may miss
detecting the condition in some cases.

In table (8) and figure (5), the correlation
between serum Cystatin C and serum creatinine tests'
results in dogs' cases is shown. The table includes
different scenarios of AKD and CKD.

The Pearson's Correlation (r) value tells us how
closely related the two tests are. A positive value
means they are positively correlated, while a
negative value means they are negatively correlated.
The closer the value is to 1 or -1, the stronger the
correlation.

For example, in the case of AKD related to
systemic infections, the r value is 0.59, which means
there is a moderate positive correlation between
serum Cystatin C and serum creatinine tests' results.
This could indicate that in cases of systemic
infection, both tests may show similar results.

On the other hand, in the case of localized
infection (Pyelonephritis/Pyometra), the r value is -
0.79, indicating a strong negative correlation. This
means that in cases of infection, the results of the two
tests are likely to be different from each other.

P value shows if the correlation is statistically
significant. P value less than 0.05 is considered
significant, meaning that the correlation is unlikely to
have occurred by chance. For example, in the case of
localized infections (Pyelonephritis/Pyometra), the P-
value is 0.062, which is close to 0.05. This suggests
that the negative correlation between the two tests
may be significant in cases of infection. Overall, this
table tells how serum Cystatin C and serum
creatinine tests' results are correlated in different
scenarios in dogs' cases, providing valuable
information for diagnosing and treating various
conditions.

Discussion

This research underscores the valuable role of
cystatin C as a dependable biomarker for assessing
kidney  function, providing  benefits over
conventional creatinine-based methods.

In this research, the frequently noted clinical
symptoms of AKD and CKD were general, including
lethargy, decreased appetite, vomiting, diarrhea,
oligo/polyuria or anuria/ischuria, and polydipsia,
consistent with previous studies [1, 14, 15]. These
symptoms arise from uremic toxins, organ
involvement, and complications, indicating disease
severity. [16, 17, 18, 19].

Normal heart rate vary among dogs based on
breed, age, and size, typically falls between 60 and
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160 beats per minute (bpm). However, renal
impairment can affect heart rate due to changes in
blood volume, fluid retention, electrolyte imbalances,
stress or compensatory reactions to lower cardiac
output [20, 21, 22].

Presence of variable US findings were observed
in our study including renal and urinary bladder
stones, hyperthrophic or hypotrophic kidneys, loss of
cortico-medullary distinction, ascites and
deformities, which deliver a relation between
functional and structural renal status, that’s why
abdominal ultrasounds scans are recommended for
dogs with renal disease or azotemia [23].

Mucous membrane (color) was observed as pale
and congested which is in harmony with [24, 25]
who observed clinical sign like pallor in dogs with
CKD. Dogs with renal disease exhibited clinical
signs such as pale mucous membranes [26]. A
possible reason for congested mucous membrane of
dogs suffered with renal failure might be due to
uremia and fever [27].

Consistent with prior studies in dogs [1, 14, 28],
anemia at presentation was identified as a negative
prognostic factor. Although anemia is typically
associated with CKD, dogs with AKD can develop
anemia due to  gastrointestinal  bleeding,
inflammation, and reduced erythropoietin
production. The AKD group exhibited an increased
PCV% compared to the control group, indicating
dehydration or hemo-concentration. Dehydration is
common in CKD, often due to the patients’ inability
to drink sufficient water to offset increased urinary
losses [29]. Numerous studies have examined platelet
parameters as indicators of AKD and its
consequences. A higher mean platelet count suggests
increased platelet turnover and activity, which may
indicate more severe inflammation and pose a risk
for total vascular death [30].

In relation to WBCs count, leukocytosis has been
linked to an increased risk of acute kidney disease
(AKD) and may be connected with neutrophilia and
a pro-inflammatory activity as a component of the
inflammatory immune response [31]. A substantial
correlation was shown between an elevated
neutrophil-lymphocyte ratio (NLR) and a higher risk
of AKD and death [32, 33].

Both groups exhibited significantly elevated
levels of random blood glucose, cholesterol, and
ALKP activities. These findings may suggest
complications such as pancreatitis, liver damage, or
stress. Alternatively; these elevated levels may
indicate the severity of the disease, as evidenced by
extra-renal consequences [1, 3, 34, 35]. The bacterial
breakdown of urea to ammonia may explain the
elevated ammonia levels observed in renal failure
[36], even though the levels in the AKD group
remained within normal limits.
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Elevated BUN and creatinine levels indicate
impaired kidney function, as the kidneys typically
filter and excrete urea and creatinine. This finding is
consistent with the earlier report by [37]. In line with
previous studies [1, 14], serum creatinine
concentration at presentation was not associated with
mortality; thus, prognosis should not be based on
serum creatinine levels at presentation. A significant
decrease in the BUN/Cr ratio and the Na'/K" ratio
can provide insights into the underlying cause of
kidney dysfunction. A lower ratio may suggest
intrinsic kidney disease and is an important indicator
of electrolyte balance and renal function [38].

Both groups had phosphate and potassium levels
that were noticeably higher. However, because of
impaired renal function, the CKD group has
significantly lower calcium levels than the control
group [2, 29, 37, 39].

In comparison to the control group, UPC was
considerably significant in AKD and CKD groups.
Severe proteinuria, a typical indicator of renal failure
that can occur in both acute and chronic situations.
[40]. Excessive protein excretion in the urine is a
common sign of chronic kidney disease (CKD) and
persistent albuminuria, as well as chronic
nephropathies [41, 42]. When compared to dogs
with a UPC ratio of less than one, dogs with a UPC
greater or equal to one were more likely to
experience a uremic crisis and eventually death [43].
Decreased urine specific gravity in the CKD group
suggests compromised renal concentrating ability,
subjected to either polyuria or rehydration
procedures and in animals whose kidneys have lost
the ability to concentrate urine [38, 39, 44].

Cystatin C (Cys-C) levels in both the AKD and
CKD groups are significantly higher compared to
control group. It was reported that the cystatin C to
creatinine ratio can differentiate dogs with renal
disease from healthy dogs [7, 10, 45]. The present
results suggest that cystatin C can be used as early
diagnostic marker in dogs with CKD as it’s highly
elevated in comparison to serum creatinine. This
finding aligns with [46], who noted that the
sensitivity and  specificity of Cys-C were
significantly higher than those of serum creatinine. In
our study, serum cystatin C demonstrates higher
specificity in detecting CKD.

In AKD associated with localized infections
(pyelonephritis/pyometra), cystatin C and creatinine
was negatively correlated, highly elevated creatinine
level was significantly associated with prolonged
hospitalization and/or death in pyometra. Therefore,
this parameter was an excellent marker of morbidity
and mortality in dogs suffering from pyometra as
reported by [47].

In stage 3 of CKD the correlation between
cystatin C and creatinine was negatively correlated,

this means that serum cystatin C is dramatically
increased in CKD and considers an early indicator of
loss of kidney functions, and it is better than serum
creatinine in detecting stage 3 CKD as documented
by [48].

Conclusion

The data unequivocally demonstrate significant
disparities in renal function tests between the control
group and the groups with kidney dysfunction (AKD
and CKD). The elevated levels of BUN, creatinine,
potassium, phosphate, cystatin C, and the urine
protein-to-creatinine ratio in both AKD and CKD
groups are indicative of impaired renal function.
Notably, serum cystatin C levels are significantly
elevated in both AKD and CKD groups,
underscoring its potential as a biomarker for
diagnosing kidney disease in clinical settings.
Moreover, cystatin C has been proven to be more
specific than serum creatinine for the early diagnosis
of CKD and for assessing the severity of AKD in
dogs.

Recommendations for future studies:

Our findings highlight a number of knowledge
gaps about participation in research that might
benefit from additional study, including realist
evaluation to strengthen and validate the theory we
have involved here:

1. A larger sample size that increases the statistical
power and generalizability of the findings.

2. Follow up of alive dog cases with AKD and CKD
over time to assess the predictive value of
cystatin C for disease progression and outcomes.

3. Comparison with other biomarkers: Compare
cystatin C to other established biomarkers of
renal function to determine its relative sensitivity
and specificity.
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TABLE 1. Clinical symptoms of dogs suffering from AKD and CKD.

Clinical symptoms AKD CKD

General Signs

Anorexia, Lethargy, and weakness 18/22 81.8% 7/7 100%

Weight loss 3/22 13.6% 4/7 57.1%

Abdominal distension 4/22 18.2% 3/7 42.8%

Gastrointestinal signs

Vomiting 6/22 27.3% 1/7 14.3%

Diarrhea 4/22 18.2% 2/7 28.5%

Melena 3/22 13.6% 1/7 14.3%

Hematemesis 1/22 4.5% 177 14.3%

Hematochezia 0/22 0% 1/7 14.3%

Neurological Signs

Behavioral or Mental changes 15/22 68.2% 4/7 57.1%

Disorientation, stupor or coma 1/22 4.5% 2/7 28.5%

Generalized seizures 2/22 9.1% 177 14.3%
Urinary signs

Polyuria/Polydipsia 7/22 31.8% 3/7 42.8%

Oligouria/Anuria/Ischuria 12/22 54.5% 3/7 42.8%

Hematuria 3/22 13.6% 177 14.3%

TABLE 2. Vital signs in healthy control dogs compared to kidney dysfunction dogs

Groups _ Kidney dysfunction (n= 29)
Control (n=10) AKD (n=22) CKD (n=7)
Vital signs Mean £+ SE Mean £+ SE Mean = SE
RR (resp./min) 29.7+2.91 33+£1.93 31.29+3.48
Pulse (beat/min) 85.7+8.94 121£4.01 *** 114.57+8.65**
Temp (C°) 38.74+0.42 38.64+0.23 37.86+0.48
MM Rosy red Congested to pale Pale to rosy red
L.N Symmetric, soft, non-enlarged Normal to enlarged Normal

Means within a row bearing different superscripts show different levels of significance: p < 0.001 (*¥*%*), p <
0.01(**) and p <0.05 (¥)

TABLE 3. Hemogram in healthy control dogs compared to kidney dysfunction dogs

Groups Control (10) Kidney dysfunction (n=29)
AKD (n=22) CKD (n=7)
Mean + SE
Parameters Mean + SE Mean + SE
RBCs (10%/pl) 5.91+1.19 6.18+0.28 4.99+0.25
HB (g/dl) 11.42+40.74 9.7240.47 *** 8.8240.59%**
Platelets (10°/ul) 246+83.80 371.68+24.41%* 262.57+33.0
PCV % 36.6+0.69 42.8+1.53 * 38.84+3.93
MCYV (fl) 64.66+2.08 72.8+4.37 78.42+7.61
MCH (Pg) 20.07+0.42 16.44+1.06 17.93+1.32
MCHC (g/dl) 31.8340.40 23.06£1.11%** 24.28+£2.97 *
RDW % 13.91+0.99 13.8+0.62 15.14+1.64
WBCs (10°/ul) 10.55+0.39 15.67+1.96 * 15.84+2.93
NG (10%/nl) 6.09+0.32 7.5740.97 *** 7.46+1.62%**
EQ (10°/ul) 0.324+0.19 0.67+0.06 *** 0.74+0.15 *
LO (10%/ul) 3.294+0.14 6.11+0.97 ** 6.24+1.82
M@ (10°/nl) 0.8540.50 1.29+0.22 1.4+0.27

Means within a row bearing different superscripts show different levels of significance: p < 0.001 (***), p <

0.01(**) and p < 0.05 (¥)
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TABLE 4. Hepatic biochemical tests in healthy control dogs compared to kidney dysfunction dogs

Groups Control (10) Kidney dysfunction (n=29)
AKD (n=22) CKD (n=7)
Hepatic enzymology Mean & SE Mean £+ SE Mean £+ SE
and function tests
ALT (u/l) 46.5+9.95 44.55+4.43 51.29+5.89
AST (u/l) 34.4+5.08 42.41+£3.29 48.71+£7.77
ALP (u/l) 75.7+17.39 112.82+12.60 191.71£22.65 ***
GGT(u/l) 7.13+£0.91 8.23+0.53 7.71+0.97
Bilirubin (mg/dl) 0.26+0.04 0.28+0.02 0.29+0.06
TP (g/dl) 6.5240.26 6.5+0.31 7.11£0.49
Albumin (g/dl) 3.37+0.15 3.22+0.14 3.37+0.18
Globulin (g/dl) 3.15+0.28 3.1+0.26 3.74+0.53
A/G 1.21+0.2 1.31+0.16 1.04+0.18
Cholesterol (mg/dl) 152.8+13.77 202.14£13.23 * 222.71£26.71 *
Glucose (mg/dl) 95.5+4.88 156.95+12.15 *** 140.57£9.11 ***
Ammonia (mcg/dl) 17.3+1.84 38.4142.51 *** 63.14+13.42 *

Means within a row bearing different superscripts show different levels of significance: p < 0.001 (***), p < 0.01(**) and p <
0.05 (*)

TABLE 5. Kidney functions in healthy control dogs compared to kidney dysfunction dogs

Groups Control (10) Kidney dysfunction (n=29)

AKD(n=22) CKD (n=7)

Kidney Functions Mean + SE Mean £+ SE Mean + SE

Renal function biomarker
Cystatin C (mg/l) 0.59+0.21 1.35£0.11 *** 2.84+0.10 ***
Renal enzymes

BUN (mg/dl) 20.34+2.23 109.09+5.52 #%** 101.0+7.36 ***

Creatinine (mg/dl) 1.12+0.07 8.68+0.50 *** 6.74+1.17 **

BUN/Creat. ratio 18.31+1.79 13.28+0.94 ** 19.57+45.02 ***

Electrolytes

K* (mmol/l) 4.51+0.67 6.25+0.18 *** 6.35+0.20 ***

Na* (mmol/l) 143+4.83 147.36+2.86 144.86+5.70

Na'/K" ratio 32.33+4.97 24.13+1.04 *** 23.03£1.43 ***

Phosphorus (mg/dl) 4.42+1.06 7.3940.58 *** 10.16+1.45 **

Calcium (mg/dl) 9.9+0.50 10.62+0.31 8.64+0.33**

Urinalysis
UPC ratio 0.23+£0.14 0.84+0.08 *** 1.09+0.15 ***
Urine specific gravity 1.024+0.0021 1.024+0.0018 1.009+0.004***

Means within a row bearing different superscripts show different levels of significance: p < 0.001 (***), p < 0.01(**) and p <
0.05 (*)

TABLE 6. Evaluation of the diagnostic values of serum Cystatin C compared to serum creatinine tests’ results.

Serum Cystatin

Sensitivity 63%
Specificity 100%
Type 1 error (false positive) 0
Type 2 error (false negative) 37%
Apparent prevalence 30%
PPV 100%
NPV 75%
Accuracy 82.5%
Likelihood ratio positive -
Likelihood ratio negative 0.368

PPV: positive predictive value; NPV: negative predictive value; True prevalence determined by serum creatinine level was
47.5% in dogs.
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TABLE 7. The agreement between serum Cystatin C and serum creatinine tests’ results.

Diagnostic Test Kappa value (x) Agreement P-value

serum Cystatin vs serum Creatinine 0.64 Substantial <0.0001

Scores divided into: < 0 no agreement; 0.0- 0.20 slight; 0.21- 0.40 fair; 0.41- 0.60 moderate; 0.61- 0.80 substantial; 0.81-
0.99 almost perfect; 1 perfect.

TABLE 8. Correlation between serum Cystatin C and serum creatinine tests’ results.

Dogs’ cases Pearson’s Correlation () P-value
AKD

Obstruction 0.32 0.489

Systemic infection (blood parasites) 0.59 0.286

Localized infection

(Pyelonephritis/Pyometra) -0.79 0.062

Miscellaneous (drug/diabetes/tumor) -0.45 0.552
CKD

Stage 3 -0.97 0.154

Stage 4 0.20 0.802

r values; 1= perfectly positive, -1= perfectly negative that can be linear when plotted on scatterplot
P values less than 0.05 were considered statistically significant

Fig.1. A) 7 year-old, female Dalmatian dog suffered from hyperglycemia, melena and depression as acute pancreatitis
associated with AKD. B) 12 year-old, female German shepherd suffered from external parasitism, poor BCS, and nervous
manifestations (seizures) associated with AKD. C) 7 year-old, male Pitbull showed crouching, difficult urination and urine
retention due to penile bite wound that led to AKD. D) 3 year-old, male Pitbull noted for distended belly and ischuria by
examination para-phimosis was detected and thereby resulted in AKD. E) Palor of mucous membrane in 5 year-old, German
shepherd female dog due to severe anaplasma spp. Infection (snap 4dx test) and huge mammary tumor showing signs of
AKD [resolved by blood transusion and surgerated for mammary tumor]. F) 5 year-old, male German shepherd suffered from
a post-surgical infected castration wound which led to complete urine retention and AKD [resolved by catheterization]. G) 1
year-old, male T. Mastiff suffered from demodecosis which had been treated using NSAID (Diclofenac as per owner)
toxicity which resulted in AKD
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Fig.2. A) 13 year-old, male Beagle suffered from hemorrhagic gastroenteritis secondary to kidney tumor associated with
CKD. B) 4 year-old, female Golden Retriever suffered from pulmonary edema, Ehrilichia spp. detected using blood film
within a neutrophil, presence of isothenuria and Proteinuria according to urine dip stick all out of CKD. C) 6 year-old, female
Rottweiler suffered from ascites secondary to CKD.

Fig.3. Ultrasonographic findings in cases related to AKD as follow A) & B) Showing presence of hyperechoic calculi present
at the level of urinary bladder and renal pelvis measuring 17x9 mm and 11x6mm respectively. C) Large sized, hyper-
echogenic right kidney with cortical thickening in conjugate with pyometra [AKD]. D) Sagittal sonogram of left kidney
showing a loss of cortico-medullary differentiation with heterogenic echogenicity of renal cortex. E) Moderate
hydronephrosis and low corticomedullary junction differentiation as a result of incomplete urine retention in a dalmation
male dog.
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Fig.4. A) Different Sonographic scans revealed polycystic, hydro-nephrotic kidneys in a 12 year-old cocker-spaniel dog with
CKD. B) Irregular, hyperechoic small sized left kidney with peri-renal ascetic fluid in a 6 year-old, female Rottweiler. C)
Right kidney showing irregular borders and nephrotic rim in conjugate with peri-renal ascetic fluid in a 7 year-old, male
griffon dog with CKD. D) Sonographic exam showing distorted right kidney with increasing size with no cortico-medullary
distinction which submitted later for aspiration and cytology indicated pleomorphic nucleated cells suggesting renal tumor in
a 13 year-old, male Beagle dog.
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Fig.5. A) According to the scatter graph it revealed a negative correlation between cystatin C and sCr in most cases of renal
insufficiency. B) The AKD area mapping graph suggests that cystatin C can be used as a possible prognostic marker for acute
renal insufficiency. As shown, creatinine is increasing in all cases of AKD regardless of the cause, while cystatin C indicated
normal values in the same calculated cases (AKD caused by stated obstructive or pyometra related cases). C) On the other
hand CKD group showed increase in serum Cystatin C with no decline beyond the normal reference range which indicate
that cystatin c is confirmatory marker for a damaged renal tissue along with creatinine.

Egypt. J. Vet. Sci.

1280



EVALUATION OF SERUM CYSTATIN C AND ASSOCIATED CLINICAL AND BIOCHEMICAL ... 11

References

1.

11.

12.

13.

14.

Rimer, D., Chen, H., Bar-Nathan, M. and Segev, G.
Acute kidney injury in dogs: Etiology, clinical and
clinicopathologic findings, prognostic markers, and
outcome. Journal of Veterinary Internal Medicine, 36,
609-618 (2022).

Polzin, D.J. Chronic kidney disease in small animals.
Veterinary Clinics of North America: Small Animal
Practice, 41, 15-30 (2011).

Dunaevich, A., Chen, H., Musseri, D., Kuzi,
S.,Mazaki-Tovi, M., Aroch, L. and Segev, G. Acute on
chronic kidney disease in dogs: Etiology, clinical and
clinicopathologic findings, prognostic markers, and
survival. Journal of Veterinary Internal Medicine, 34,
2507-2515 (2020).

Cowgill, L.D, Polzin, D.J., Elliott, J., Nabity, M.B.,
Segev, G., Grauer, G.F., Brown, S., Langston, C., and
Dongen, A.M. Is progressive chronic kidney disease a
slow acute kidney injury? Veterinary Clinics of North
America: Small Animal Practice, 46, 995-1013(2016).

Rudinsky, A.J., Harjes, L.M., Byron, J., Chew, D.J,
Toribio, R.E., Langston, C., and Parker V.J. Factors
associated with survival in dogs with chronic kidney
disease. Journal of Veterinary Internal Medicine, 32,
1977-1982 (2013).

Iwasa, N., Kumazawa, R., Nomura, S., Shimizu, M.,
Iwat, M., Hara, M., Kawabe, M., Kobatake, Y.,
Takashima, S. and Nishii, N. Prognostic value of
serum cystatin C concentration in dogs with
myxomatous mitral valve disease. Journal of
Veterinary Internal Medicine, 37, 412-419 (2023).

Ghys, L., Paepe, D., Smets, P., Lefebvre, H.,
Delanghe, J. and Daminet, S. Cystatin C: a new renal
marker and its potential use in small animal medicine.
Journal of Veterinary Internal Medicine, 28, 1152-
1164 (2014).

Jensen, A.L., Bomholt, M. and Moe, L. Preliminary
evaluation of a particleenhanced turbidimetric
immunoassay (PETIA) for the determination of serum
cystatin C-like immunoreactivity in dogs. Veterinary
Clinical Pathology, 30, 86-90 (2001).

Wehner, A., Hartmann, K. and Hirschberger, J. Utility
of serum cystatin C as a clinical measure of renal
function in dogs. Journal of American Animal
Hospital Association, 44,131-138 (2008).

Miyagawa, Y., Akabane, R., Ogawa, M., Nagakawa,
M., Miyakawa, H. and Takemura, N. Serum cystatin
C concentration can be used to evaluate glomerular
filtration rate in small dogs. Journal of Veterinary
Medicine Science, 82, 1828- 1834 (2021).

Coles, E. H. Veterinary Clinical Pathology. 4™ ed., W.
B. Saunders Company, Philadelphia, 172-188 (1986).

Altman, D. G. Practical statistics for medical research.
New York, NY: Chapman & Hall/CRC Press (1999).

Landis, J.R. and Koch, G.G. The measurement of
observer agreement for categorical data. Biometrics,
33(1), 159-174 (1977).

Segev, G., Kass, P.H., Francey, T. and Cowgill, L.D.
A novel clinical scoring system for outcome

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

prediction in dogs with acute kidney injury managed
by hemodialysis. Journal of Veterinary Internal
Medicine, 22,301-308 (2008).

Tangeman, L.E. and Littman, M.P. Clinicopathologic
and atypical features of naturally occurring
leptospirosis in dogs: 51 cases (2000-2010). Journal
of American Veterinary Medical Association, 243,
1316-1322 (2013).

Thoen, M.E. and Kerl, M.E. Characterization of acute
kidney injury in hospitalized dogs and evaluation of a
veterinary acute kidney injury staging system. Journal
of Veterinary Emergency and Critical Care, 21, 648-
657 (2011).

Keir, I. and Kellum, J.A. Acute kidney injury in
severe sepsis: pathophysiology, diagnosis, and
treatment recommendations. Journal of Veterinary
Emergency and Critical Care, 25,200-209 (2015).

Gori, E., Lippi, 1., Guidi, G., Perondi, F., Pierini, A.
and Marchetti, V. Acute pancreatitis and acute kidney
injury in dogs. Veterinary Journal, 245, 77-81(2019).

Shema-Didi, L., Ore, L., Geron, R. and Kristal, B. Is
anemia at hospital admission associated with in-
hospital acute kidney injury occurrence? Nephron
Clinical Practice, 115,168-176 (2010).

Kellum, J. A., Lameire, N. and Aspelin, P. Kidney
disease: Improving global outcomes (KDIGO) acute
kidney injury work group. KDIGO clinical practice
guideline for acute kidney injury. Kidney
International Supplements, 2(1), 1-138 (2013). doi:
10.1038/kisup.2012.1.

Mugford, A., Li, R. and Humm, K. Acute kidney
injury in dogs and cat. In Practice, 35, 253-264
(2013).

Cowgill, L.D. and Francey, T. Acute uremia. In:
Ettinger, S.J., and Feldman, E.C. Eds., Textbook of
Veterinary Internal Medicine, 6™ ed., Philadelphia,
Saunders, 1731-1751(2005).

Slike H. and George A.H. Ultrasonography of the
urinary tract. In: Bartges J., Polzin D.J., editors.
Nephrology and Urology of Small Animals. 1st ed.
Blackwell Publishing Ltd.; Chicester, UK: pp. 128—
145 (2011).

McGrotty, Y. Diagnosis and management of chronic
kidney disease in dogs and cats. In Practice, 30, 502-
507 (2008).

Jitendra, B., Meena, D.S., Singh A.P., Sharma, S.,
Choudhary, S., Saini, S., Singh, Y.P., and Jeph, N.K.,
Clinical observations of renal failure in dogs. The
Pharma Innovation Journal, SP-10(6s), 28-34 (2021).

Devipriya, K., Lavanya, C., Selvaraj, P. and
Napolean, E. Early diagnosis of renal insufficiency in
dogs with haemato: Biochemical findings. Journal of
Entomology and Zoology Studies, 6(5), 703-705
(2018).

Clement, A.L.R., Gnanaprakasam, V. and Ranjan,
T.S.S. Induced uremia and its management in canines.
Indian Veterinary Journal, 70, 1035-1037 (1993).

Vaden, S.L., Levine, J. and Breitschwerdt, E.B. A
retrospective case-control of acute renal failure in 99

Egypt. J. Vet. Sci.



12 ABDELRAHMAN M. MAHMOUD et al.
dogs. Journal of Veterinary Internal Medicine, 11, 58- chronic kidney disease. Journal of Veterinary Internal
64 (1997). Medicine, 25(6), 1306-1311 (2011).

29. O°Neill, D.G., Elliott, J., Church, D.B., McGreevy, doi:10.1111/5.1939-1676.2011.00805.x
P.D., Thomson, P.C., and Brodbelt, D.C. Chronic 40. Nabity, M. B., Lees, G. E., Dangott, L. J., Cianciolo,
kidney disease in dogs in UK veterinary practices: R., Suchodolski, J. S. and Steiner. J. M. Proteomic
Prevalence, risk factors, and survival. Journal of analysis of urine from male dogs during early stages
Veterinary Internal Medicine, 27(4), 814-21 (2013). of tubulointerstitial injury in a canine model of
doi:10.1111/jvim.12090. progressive glomerular disease. Veterinary Clinical

30. Tajarernmuang, P., Phrommintikul, A., Limsukon, A., Pathology, 40(2), 222-236 (2011).

Pothirat, C. and Chittawatanarat, K. The role of mean 41. Lamb, E.J., MacKenzie F. and Stevens. P. E. How
platelet volume as a predictor of mortality in critically should proteinuria be detected and measured? Annual
ill patients: a systematic review and meta-analysis. Review of Clinical Biochemistry, 46, 205-217 (2009).
ggtllg‘)l'l Care Research and Practice, 2016, 4370834 42. Littman, M. P. Protein-losing nephropathy in small
animals. Veterinary Clinic of Small Animal Practice,

31. Han, S.S., Ahn, S.Y., Ryu, J., Back, S.H., Kim, K.I., 41,31-62 (2011).

Chin, H.J., Na, K.Y., Chae, D.W., and Kim, S. U- . .

shape relationship of white blood cells with acute 43. Jacob, F., PO]_ZH.I D.J. and OS[.)O.H} e. CA. Eva!uatlon

kidney injury and mortality in critically ill patients. of th.e _association betweeq initial p rotemuria and

Tohoku Journal of Experimental Medicine, 232(3), morblqlty rate or death_ in dogs with natur.ally

177-185 (2014). occurring chromc. renal fallur.e. 'Journal of American
Veterinary Medical Association, 226, 393-400

32. Kim, W.H,, Park, J.Y., Ok, S.H., Shin, .W. and Sohn, (2005).

J.T. Association between the neutrophil/lymphocyte . . . .

ratio and acute kidney injury after cardiovascular 44. FDQster, J.' szg (ihr(;mcLKldn?ry D1s§/? se Current

surgery: a retrospective observational study. Medicine Tlagn?stlcs ¢ Loais lor Long-1erm anagement.

(Baltimore), 94(43), ¢1867 (2015). oday's Veterinary Practice, 3,21-26 (2013).

33. Parlar, H. and Saskin, H. Are pre and postoperative 45. Conti, M, Moute.r cau, §., Zater, M, Lallah,. K,
platelet to lymphocyte ratio and neutrophil to qurbach, A, Mamvet, P, Eschwege, P. and Loric, S.
lymphocyte ratio associated with early postoperative Urinary _cystatm'C' as a spec.lﬁc marker of tubular
AKI following CABG? Brazilian Journal of dysﬁ.m.ctlon. Clinical Chemistry and Laboratory
Cardiovascular Surgery, 33(3), 233-241 (2018). Medicine, 44,288-291 (2006).

34. Venkataraman, R. and Kellum, J.A. Defining acute 46. Nguyen, H., Nguyen, L., Nguyen, T,, Le, P’ Nguyen,
renal failure: the RIFLE criteria. Journal of Intensive T, Ngl}yen, N. and Ngu}{en, K. Sensm\{lty aqd
Care Medicine, 22, 187-193 (2007). spemﬁmty of serum cystatin C ar}d creamee in

detecting early stages of chronic kidney disease in

35. Eatroff, A.E., Langston, C.E., Chalhoub, S., Poeppel, Vietnamese patients with hypertension. Arterial
K. and Mitelberg, E. Longterm outcome of cats and Hypertension, 26 (4), 153-163(2022). DOI:
dogs with acute kidney injury treated with intermittent 10.5603/AH.a2022.0021
hemodialysis: 135 cases (1997-2010). Journal o . .
AmericanyVeterinary Medicc(ll Associatiln, 241, 1471{ 47. Sant’Anna, M.C.,  Giordano, L'G'P" Flaiban,
1478 (2012). K.K.M.C., Muller, EE. and Martins, M.LM.

Prognostic markers of canine pyometra. Arquivo

36. Quéau, Y. Gastrointestinal complications of uremia. Brasileiro de Medicina Veterinaria e Zootecnia, 66
Advanced Renal Therapies Symposium February- 21- (6), 1711-1717 (2014).

24, New York, 74-77 (2012). 48. Delanayea, P., Cavalierb, E., Radermeckerc, R.P.,

37. Srikanth, K. and Karlapudi, S.K. Haemato- Paquotc, N., Depasd, G., Chapelleb, J., Scheenc, A.J.
abiochemical changes in dogs with renal insufficiency and Kirzesinskia, J. Cystatin C or Creatinine for
and its diagnostic significance. Animal Science Detection of Stage 3 Chronic Kidney Disease in
Reporter, 9(4) 156-160 (2015). Anorexia Nervosa. Nephron Clinical Practice, 110(3),

38. International Renal Interest Society webpage: iris- 158-163(2008).
kidney.com

39. Parker, V.J. and Freeman, L.M. Association between

body condition and survival in dogs with acquired

Egypt. J. Vet. Sci.



EVALUATION OF SERUM CYSTATIN C AND ASSOCIATED CLINICAL AND BIOCHEMICAL ... 13

SR B 4y gaad) Aibransll g 4y pead) il il aa ased) B e Opiliapal] Al
OISl A e dall g Al S Cailds

lgﬁaauﬂid.h@a‘gzg“ym\ é‘»m‘ld\,mgihm@a‘)lm,\c

e ¢_alall dxala (s yland) alall A0S cganal) 5 Aikald) () pe¥) and !

3] s ) LSS5 slell Arls ool ol RIS iyl Ay pel) Al o lall o 2
0¥ 22110

oedlall

Oe oalail s cel penll adll DA 2Ly Ay 5 puall e el 8 celall 5l 8 Gda 1750 JSH (ol
O s i/ s O Jean 8 cildaall any Sl (Sa VLS cliall @)l e Jaliall s cagand)
A5l 5 dpmnddil) Al A o J) Gasgd gad (CKD ¢AKD) (e alls dadl S QI8 g JalS IS8 3
CilS Eya (LIS 39 Ll 2 cled .CKDs AKD go S b S il s sdi5a ¢ ol (8 (oas (iftienpad)
O 3all SN i e (g0 ile IS T 5 ¢ a3l (SN (i e (g e LIS 22 5 ) g0 Ao senae Al OIS 10
s (O pand (s 5 (5 e and o)) o (B 175183 22) il (B 13 - 1) e Lo i
GRS (o Oftnnanll) LS (ol 5 dadle ) Alal ) a5 ol g S il g <l jlia) 5 ) (al
& «CKDs AKD Se sann (e JS (8 sbianl) iy S .s.x;sag)@uugm}\s):s‘ﬁ.ﬂ\)‘éédneq&\u'a\)‘i
BUNs Lise¥ly 5sSolally Js i Uy ALP (8 508 @lal) e pdl) (B dugall sliall CiliS o
@ oS Rl me (e Oilidl) S Gl Aoy st ) Gl asanlisdls Gl S
Aadlally psanlll) dad (mlidsl il I CKD s AKD e sann (0 JS (A& +Na+/K iy BUN/Cr.
ol (sl Gl )SU And (85508 8305 e sl diaS R3S e dall I (g (B sl A )
(o 555 a8 il < (g Bae s Baun ST A s i) il (e sendll SIS 3 (UPC)
.CKDs AKD <Y\

Dl G el (B Bake Aty Apnmndli Adle (055 () (S (o Oiflipad) ot (G geiians (o Uiy A1
I 8 e 3all g Alall (g SIKI) QI Ayl VLA (any

Egypt. J. Vet. Sci.



