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Abstract

Background and Aim: Chronic kidney disease (CKD) is one of the most important diseases in cats. This study aimed to
compare the ultrasonographic kidney length-to-abdominal aortic diameter (K/AO) ratio between healthy and CKD cats and
investigate the correlation between K/AO and blood results.

Materials and Methods: Fifteen healthy cats and 15 CKD cats were included in this clinically prospective study. All cats
were evaluated for radiographic and ultrasonographic K, radiographic K-to-second lumbar length ratio (K/L2), and K/AO,
indirect systolic blood pressure and plasma creatinine (Cr), blood urea nitrogen (BUN), and symmetric dimethyl arginine
(SDMA).

Results: The radiographic and ultrasonographic kidney lengths of CKD were significantly shorter than those of healthy cats
(p <0.05 and p < 0.05, respectively). The average K/L2 and K/AO were significantly lower in CKD than in healthy cats
(p<0.01 and p<0.001, respectively). The K/AO had a strong negative correlation with plasma Cr (r =—0.7682, p <0.0001),
BUN (r=-0.6175,p <0.001), and SDMA (r =-0.589, p <0.001). However, K/L2 had a moderate negative correlation with
plasma Cr (r = —0.5866, p < 0.001), BUN (r = —0.4884, p < 0.01), and SDMA (r = —0.5404, p < 0.01). The optimal cutoff
value of K/AO (<10.71) had higher sensitivity and specificity than K/L2 for identifying feline CKD.

Conclusion: Kidney length-to-abdominal aortic diameter could be a better and more promising parameter than the K/L2
ratio for evaluating kidney size in cats with CKD.
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Introduction

Chronic kidney disease (CKD) is defined as the
presence of structural or functional abnormalities in
either one or both kidneys for a period longer than
3 months. Chronic kidney disease can manifest itself
in a variety of ways, ranging from a slight anatomical
lesion in one kidney to a complete loss of nephrons
in both kidneys. Chronic kidney disease patients may
present with many clinical signs, diagnostic findings,

blood creatinine (Cr) concentration is widely used as
a surrogate marker for glomerular filtration rate evalu-
ation. However, this technique has several limitations,
and its value can be affected by other non-renal fac-
tors [4].

Ultrasonography is one of the most common
diagnostic imaging methods used in clinical prac-
tice [5]. More specifically, this useful diagnostic
tool can evaluate and detect renal parenchyma alter-

and treatment issues [1], and CKD in cats is one of
the most common metabolic diseases in clinical prac-
tice [2]. Although CKD has been reported in cats of
all ages, the prevalence of this condition has been
increased in senile cats [3]. Chronic kidney disease
can be diagnosed with history taking, physical exam-
ination, and biochemical tests. In clinical practice,
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ation [2] occurring with disease progression. The pre-
vious report has shown that the kidney of CKD cats
is characterized by significantly decreased size and
contour changes [1]. Ultrasonographic findings that
are normally found in CKD cats include decreased
renal size, irregular contour, increased parenchymal
echogenicity, loss of corticomedullary demarcation,
mineralization, and poor identification of internal
structures [6, 7]. The normal kidney length (K) in cats
is reported to be in the range of 2.80-4.40 cm [7].
However, this range is not only wide but may also be
unsuitable for generalization to all cats due to their
different body sizes. A reference range for estimating
the renal size of dogs has been reported by calculating
the K-to-abdominal aortic diameter (K/AO) ratio [§],
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whose normal range is 5.50-9.10 [8]. However, due
to the wide range and non-specificity of this value
due to various canine body sizes, many studies have
recently reported a canine breed-specific K/AO for
Whippet [9] and Miniature Schnauzer [10]. At pres-
ent, only one study has reported the K/AO for normal
cats ranging between 9.80 and 12.60 [11]. However,
the K/AO in CKD cats is still lacking, and the cutoff
values for ultrasonographic estimation of renal size
for the diagnosis of CKD cats have yet to be reported.

Therefore, this study aimed to compare the K/AO
between healthy and CKD cats using ultrasonography
and investigate the correlation between K/AO and
blood biochemical results, including Cr and symmet-
ric dimethyl arginine (SDMA) concentrations.

Materials and Methods

Ethical approval and informed consent

This study was designed as a prospective study
and was approved by the institutional guidelines and
conformed to the Chulalongkorn University Animal
Care and Use Committee (CU-ACUC), approval
number: 2131022. All experiments were conducted
in accordance with institutional guidelines and reg-
ulations, and the study complied with the Animal
Research: Reporting of in vivo Experiments guide-
lines [12]. Informed consent (either verbal or written)
was obtained from the owner or legal custodian of
all animals described in this work for the procedures
undertaken.

Study period and location

The study included medical information on cli-
ent-owned cats that were presented to the Diagnostic
Imaging Unit, The Small Animal Hospital, Faculty of
Veterinary Science, Chulalongkorn University from
August 2021 to March 2022.

Experimental design

In this prospective study, cats were divided
into two groups, namely, healthy (n = 15) and CKD
(n = 15) groups, depending on their medical history,
physical examination, and the International Renal
Interest Society (IRIS) staging system. All cats
included in the CKD group were defined based on a
history of either structural or functional abnormalities
of the kidneys for a period more than 3 months (stable
CKD patients) and were categorized into IRIS stages
2-4 according to the IRIS staging system [13] in
which plasma Cr concentrations are equal to or higher
than 1.6 mg/dL. All cats with urinary obstruction and
congenital kidney diseases, such as polycystic kid-
ney disease, hydronephrosis, pyelonephritis, renal
tumor, and big kidney-small kidney syndrome, were
excluded from this study.

Experimental protocols

All cats (both healthy and CKD) included in this
study were mature (more than 1 year old) with normal
hydration status. Cats with congenital renal abnormal-
ity, renal tumors on ultrasonographic examination,

hypertensive (systolic blood pressure more than
160 mmHg), or pregnant cats were excluded from the
study. Enrolled cats were examined to confirm their
physical condition through general appearance, men-
tation, hydration status, temperature, heart rate and
rhythm, respiratory rate, mucous membrane color,
capillary refill time, lung sounds, and abdominal pal-
pation, and the examination results were then recorded.
All cats had blood collected (3 mL) through the
cephalic vein or femoral vein in tripotassium ethylene
diamine tetraacetic acid (K3) and lithiumheparin tubes
(South tech lab, Bangkok, Thailand). Common hema-
tology and basic blood biochemistry, including alka-
line phosphatase, gamma-glutamyl transferase, blood
urea nitrogen (BUN), Cr, and SDMA, were performed
in all cats to confirm their health status and CKD stag-
ing procedures. The cat was excluded from this study
if there were any other diseases. Systolic blood pres-
sure was measured indirectly using a Doppler device
(BV-520, Shenzhen Bestman Instrument, Shenzhen,
China). Cats had their hair over the palmar aspect of
the carpus removed, and the Doppler probe was then
placed perpendicularly over the digital artery. Cuff
measurements had a width of 30%—40% of that of
the leg circumference [14]. All cats were measured
3 times and the results were averaged. A value of more
than 160 mmHg was the criterion for normal blood
pressure [13].

Experimental procedures
Radiographic procedures and kidney size evaluation

Right lateral and ventrodorsal (VD) abdominal
radiographs of all cats were obtained without seda-
tion using a digital radiography system (ETL®, GE
Healthcare, Chicago, USA). All cats were manually
restrained and positioned during radiography to obtain
a suitable radiograph during the expiratory phase.
All radiographs were saved as Digital Imaging and
Communications in Medicine (DICOM) format was
evaluated using DICOM viewer software (OSIRIX®,
Geneva, Switzerland) with a digital caliper. In brief,
the K on a VD radiograph was measured from the
cranial pole to the caudal pole. It was then compared
with the second lumbar vertebral length (L2) mea-
sured at the midline vertebral body in accordance with
the Barrett and Kneller technique [15]. Consequently,
the K-to-second lumbar length ratio (K/L2) was
calculated.

Ultrasonographic procedures and kidney size
evaluation

All cats were fasted for 8 h before the procedures.
All cats were mechanically restrained in the VD posi-
tion and their hair was clipped. Before the examina-
tion, an acoustic coupling gel was applied to the skin.
A general survey ultrasound was primarily performed
for general observation of the whole abdomen using
a 9 MHz linear transducer with real-time B-mode
(Logiq P6 ultrasound machine, GE Healthcare,
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Korea). Subsequently, the K was measured from the
cranial pole to the caudal pole (K; Figure-1a), and the
aortic luminal diameter (AO; Figure-1b) was mea-
sured at the caudal area to the origin of the left renal
artery in accordance with the technique presented by
Mareschal et al. [8]. The K/AO was then calculated.
All parameters were measured in triplicate and the
results were averaged.

Statistical analysis

GraphPad Prism 9 software (GraphPad Software,
CA, USA) was used to perform all statistical anal-
yses. All data were expressed as mean £ SD. The
D’ Agostino-Pearson omnibus and Shapiro-Wilk nor-
mality tests were used to evaluate the normality of
the dataset. The Mann—Whitney U test was used to
compare renal function parameters between healthy
and CKD cats. An unpaired t-test was used to com-
pare indirect systolic blood pressure and kidney size
parameters between healthy and CKD cats and male
and female cats. A paired t-test was used to compare
K between radiographs and ultrasonographic images
at the left and right sides. One-way analysis of vari-
ance was used to compare the kidney size parameters
among healthy cats, cats with an early and late IRIS
stage. p <0.05 was considered statistically significant.

Results

Clinical and demographic characteristics

Fifteen healthy cats and 15 CKD cats were
enrolled in this study. The healthy cat group con-
sisted of domestic shorthair (n = 8 [53.33%]), British
short hair (n = 5 [33.33%]), and Scottish fold (n =2
[13.33%]), while the CKD group consisted of domes-
tic shorthair (n = 13 [86.67%]), British short hair
(n =1 [6.67%]), and Scottish fold (n = 1 [6.67%)]).
The clinical demographic data such as sex, gonadal
status, age, body weight (BW), and renal function
parameters are reported in Table-1. There were no
significant differences between the sexes in healthy
and CKD cats (p > 0.9999). Chronic kidney dis-
case cats were significantly older than healthy cats
(p = 0.0028). The average BW of healthy and CKD
cats was 4.33 + 0.92 kg (range 2.90-5.90) and 4.16 +
1.04 kg (range 3.00—-7.05), respectively. The CKD cats
were divided into the early IRIS stage (IRIS stage 2)
(n=11[73.00%]) and the late IRIS stage (IRIS stage
3-4) (n = 4 [27.00%]). The average indirect systolic
blood pressure between healthy and CKD cats was
not significantly different (p = 0.3814). Plasma con-
centrations of Cr, BUN, and SDMA of the CKD cats
were significantly higher than those of the healthy cats
(p<0.0001, p=0.0022, and p = 0.0053, respectively).

Kidney size parameters were observed through
radiography and ultrasonography

In this study, the radiographic left kidney (LK)
length could be measured in all cats, whereas the
radiographic right kidney (RK) length could be mea-
sured in 9/15 (60%) healthy cats and 14/15 (93%)
CKD cats. In each group, the LK and RK lengths were

not significantly different (p = 0.1720). The average
K in healthy cats was significantly higher than that in
CKD cats (p = 0.0256; Table-1). No significant dif-
ference of L2 length was detected between the two
groups (p = 0.1336). With respect to the K/L2 ratios,
both LK/L2 and average K/L.2 in healthy cats were sig-
nificantly higher than those in CKD cats (p = 0.0022
and p = 0.0089, respectively; Table-2). In contrast, the
RK/L2 ratio was not significantly different between
the two groups (p = 0.1752). Furthermore, the aver-
age K/L2 of healthy cats was significantly higher
than that of cats with early and late IRIS stages
(p = 0.0220), and the K/L2 ratio was not significantly
different between cats with early and late IRIS stages
(p = 0.8258; Figure-2a).

Ultrasonographic K could be measured in all kid-
neys of both groups. The ultrasonographic appearances
of the kidneys in the healthy group had normal shape,
contour, echogenicity, and echotexture. In contrast,
CKD cats had irregular contours, increased echogenic-
ity of the renal cortex and/or medulla, and decreased
corticomedullary demarcation. All ultrasonographic

Figure-1: (a) The measurement of kidney length and
(b) abdominal aorta diameter on sagittal plane.

Table-1: Clinical demographic information and renal
function parameters include plasma concentrations of Cr,
BUN, SDMA, and indirect systolic blood pressure of all
included cats.

Parameters Healthy cats CKD cats
(n =15) (n =15)
Sex
Female 9 8
Intact 5 1
Neutered 4 7
Male 6 7
Intact 2 2
Neutered 4 5
Age (years) 4.60 £ 2.97 9.53 £ 5.01+
(1.00-10.00) (1.00-19.00)
BW (kg) 4.33 £ 0.92 4.16 £ 1.05
(2.90-5.90) (3.00-7.05)
Plasma Cr (mg/dL) 1.33 £ 0.33 2.81 £ 1.60****
BUN (mg/dL) 23.51 £4.01 39.05 £ 24.87**
SDMA (ug/dL) 14.72 £ 2.81 22.87 + 10.04**

Indirect systolic blood 144.20 £+ 29.73
pressure (mmHg)

131.60 = 28.38

Statistically significant difference between groups was
made using Mann-Whitney U test, **p < 0.01;

****p < 0.0001 Statistically significant difference
between groups was made using unpaired t-test,

+*p < 0.01 Data are presented as

mean = SD. Cr=Creatinine, BUN=Blood urea nitrogen,
SDMA=Symmetric dimethyl arginine, BW=Body weight
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Table-2: Kidney size parameters including radiographic K, L2, ultrasonographic K, AO then calculated K/L2 in
radiographic parameters, and K/AO ratio in ultrasonographic parameters of healthy and CKD cats.

Parameters Radiography Ultrasonography
Kidney length (cm) L2 (cm) K/L2 Kidney length (cm) AO (cm) K/AO
Healthy cats 4.09 £ 0.50 1.74 £ 0.10 2.38 £ 0.25 3.72 £ 0.46 0.31 £ 0.03 11.91 + 1.59
(3.82-4.37) (1.68-1.79) (2.24-2.52) (3.47-3.98) (0.30-0.33) (11.03-12.79)
CKD cats 3.79 £ 0.42% 1.80 £ 0.13 2.12 £ 0.27%* 3.33 £ 0.41%* 0.34 £ 0.05 9.80 £ 1.17***
(3.57-4.03) (1.73-1.87) (1.97-2.26) (3.10-3.56) (0.32-0.37) (9.15-10.44)

Statistically significant difference between groups was made using unpaired t-test, *p < 0.05; **p < 0.01;
***p < 0.001. Data are presented as mean + SD. K=Kidney length, L2=Second lumbar vertebral length, AO=Abdominal
aortic diameter, K/L2=Kidney length-to-second lumbar length ratio, K/AO=Kidney length-to-aortic diameter,

CKD=Chronic kidney disease, SD=Standard deviation
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Figure-2: (a) Radiographic average kidney length-to-second lumbar length ratio and (b) ultrasonographic average kidney
length-to-abdominal aortic diameter ratio among healthy cats, cats with early and late International Renal Interest Society

stages.

parameters are presented in Table-2. There was no sig-
nificant difference in the K of the left and right sides in
each group (p = 0.2734). Chronic kidney disease cats
had significantly shorter LK and average K lengths
than healthy cats (p = 0.0041 and p = 0.0189, respec-
tively). The RK length was not significantly different
between healthy and CKD cats (p=0.1002). Moreover,
the AO diameter of both groups was not significantly
different (p = 0.0577), and the K/AO ratio between the
left and RKs in each group was not significantly dif-
ferent (p = 0.2847). Both LK/AO and RK/AO ratios
of healthy cats were significantly higher than those of
CKD cats (p < 0.0001 and p = 0.0036, respectively).
Finally, the K/AO ratio of the healthy group was sig-
nificantly higher than that of cats with early and late
IRIS stages (p = 0.0044 and p = 0.0103, respectively),
and the average K/AO of the early IRIS stage group
was not significantly different from that in the late
IRIS stage group (p = 0.7865; Figure-2b).

Correlations between kidney size parameters and
functional renal parameters

The correlation between kidney size parame-
ters and functional renal parameters, including the
concentrations of plasma Cr, BUN, and SDMA of
all cats, is shown in Table-3. All kidney size param-
eters had significantly negative correlations with
functional renal parameters. The average K/L2 ratio
had a significant negative correlation with plasma
Cr (r = —0.5866, p = 0.0007), BUN (r = —0.4884,
p = 0.0062), and SDMA (r = —0.5404, p = 0.0021).

The average K/AO ratio had a significant nega-
tive correlation with the concentrations of plasma
Cr (r = —0.7682, p < 0.0001), BUN (r = —0.6175,
p = 0.0003), and SDMA (r = —0.589, p = 0.0006;
Figure-3). The average K from both radiographic
and ultrasonographic images was also significantly
negatively correlated with plasma Cr (r = —0.4970,
p=0.0052 and r =—-0.4890, p = 0.0061, respectively),
BUN (r = —0.4283, p = 0.0182 and r = —0.4231,
p = 0.0198, respectively), and SDMA (r = —0.4483,
p=0.0130 and r =—-0.4061, p = 0.0260, respectively).

Receiver operating characteristic (ROC) curve and the
area under the ROC curve of kidney size parameters

The optimal cutoff values (Youden index) and
associated sensitivity, specificity, and likelihood ratio
of each imaging parameter are presented in Table-4.
The K/L2 ratio cutoff value was 2.27 with sensitiv-
ity and specificity for identifying 67% and 73% CKD
cats, respectively (K/L2 ratio <2.27). The maximum
specificity cutoff value for the K/L2 ratio was 2.04,
with 47% sensitivity and 93% specificity, while the
optimal cutoff value for the K/AO ratio was 10.71,
with sensitivity and specificity for identifying CKD
cats of 80% and 80%, respectively, (K/AO ratio
<10.71). Finally, the maximum specificity cutoff
value for the K/AO ratio was 9.99 with 60% sensitiv-
ity and 93% specificity.

Discussion

The aim of this study was to compare the K/
AO value between healthy and CKD cats using
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Table-3: Correlations between kidney size parameters and plasma concentrations of Cr, BUN and SDMA of the healthy

and CKD cats.

Parameters Radiography Ultrasonography

Average kidney length r Average K/L2 ratio r Average kidney length R Average K/AO ratio r
Plasma Cr —0.4970%* —0.5866%** —0.4890%** —0.7682%***
BUN —0.4283%* —0.4884** —-0.4231%* —0.6175**x*
SDMA —0.4483* —0.5404** —0.4061* —0.5896%**

Correlations between parameters were made using Spearman correlation, *p < 0.05; **p < 0.01; ***p < 0.001;
****p < 0.0001. Cr=Creatinine, BUN=Blood urea nitrogen, SDMA=Symmetric dimethyl arginine, K/AO=Kidney
length-to-abdominal aortic diameter, K/L2=Kidney length-to-second lumbar length ratio

Table-4: Results of ROC curve analysis of all kidney size parameters.

Imaging ROC curve analysis Cutoff value Percentage Percentage
parameters AUC (95% CI) p-value Type cutoff "‘(‘zriss',t;‘;/':;’ ?'éi%gﬁ}g
Radiography
Average kidney 0.68 (0.487-0.873) 0.093 Optimal sensitivity 3.85 60 (32-84) 73 (45-92)
length (cm) Maximum specificity 3.48 20 (4-48) 93 (68-100)
K/L2 ratio 0.77 (0.604-0.938) <0.05 Optimal sensitivity 2.27 67 (33-88) 73 (45-92)
Maximum specificity 2.04 47 (21-73) 93 (68-100)
Ultrasonography
Average kidney 0.72 (0.532-0.908) <0.05 Optimal sensitivity 3.53 67 (38-88) 73 (45-92)
length (cm) Maximum specificity 3.06 20 (4-48) 93 (68-100)
K/AO ratio 0.87 (0.746-0.997) <0.001 Optimal sensitivity 10.71 80 (52-96) 80 (52-96)
Maximum specificity 9.99 60 (32-84) 93 (68-100)

ROC=Receiver operating characteristic, CI=Confidence interval, AUC=Area under the curve, K/AO=Kidney
length-to-abdominal aortic diameter, K/L2=Kidney length-to-second lumbar length ratio. Receiver operator characteristic
analysis was used to identify optimal cut off values. Optimal sensitivity cut off value was determined with the Youden
index and likelihood ratio. Maximum specificity cut off value with near 100% specificity
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Figure-3: The linear regression graph of either kidney length-to-second lumbar length ratio (K/L2) or kidney length-to-
abdominal aortic diameter (K/AO) and plasma concentrations of Creatinine (Cr) and Symmetric dimethyl arginine (SDMA).
(a) Average K/L2 and plasma Cr concentration. (b) Average K/AO and plasma Cr concentration. (c) Average K/L2 ratio and
SDMA. (d) Average K/AO and SDMA.

only been reported in healthy cats [11]. Therefore, this
study is the first to report on the K/L.2 and K/AO val-
ues in CKD cats.

In this study, the age of CKD cats was higher
than that of healthy cats, which is consistent with

ultrasonography and investigate the correlations
between K/AO and blood biochemical results, includ-
ing Cr and SDMA concentrations. In veterinary med-
icine, kidney size parameters from radiography and
ultrasonography, including K/L2 and K/AO, have
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previous reports [3, 16]. Although feline CKD has
been reported in all ages [3], a higher prevalence
has been found in senile cats [17], indicating that
aging may contribute to the onset of CKD in affected
cats [16].

Indirect systolic blood pressure was not signifi-
cantly different between healthy and CKD cats in this
study. Our results contradict those of previous studies
in dogs [18] and cats [19], in which CKD animals had
higher blood pressure than healthy ones. However,
some CKD cats with hypertensive conditions in our
study were treated with medication. Therefore, it
might be difficult to detect an obvious difference in
that case. A previous study reported a positive cor-
relation between blood pressure and kidney volume
in humans [20].

Regarding kidney radiography, K of LK could
be measured in all cats in both groups. In contrast,
RK could only be measured in 60% of the healthy and
93% of the CKD groups. Superimposition of kidneys
with abdominal organs, especially the stomach and
small intestine, affected the visualization, and precise
measurement of RK length in VD abdominal radio-
graphs [21]. Interestingly, a higher proportion of RK
could be detected in CKD cats than in healthy cats.
This might be caused by CKD cats having issues such
as anorexia and decreased appetite [6]. Accordingly,
the gastrointestinal tract of CKD cats contains a
small amount of food, decreasing the superimposi-
tion effect of the gastrointestinal tract content on the
kidneys. In addition, abdominal fat in CKD cats is
significantly less than that in healthy cats, possibly
inducing a reduced contrast of abdominal details. The
radiographic K of the CKD group was significantly
shorter than that of the healthy group for LK and aver-
age K. These results correspond to the results previ-
ously shown in studies on humans [22] and cats [15].
Chronic kidney disease cats are normally affected by
small kidneys and contractions depending on disease
progression [16]. The radiographic RK length could
not be observed in all cats, possibly indicating that
the LK length could be a better radiographic param-
eter for evaluating kidney size than the RK length.
L2 length was not significantly different between the
healthy and CKD groups, which could be attributed
to the number of the same gender cats. It has been
reported that the vertebral length could be affected by
several factors, including sex [23], gonadal status, and
prepubertal gonadectomy [24]. Similar to K, CKD
cats had a significantly lower average K/L2 ratio than
healthy cats. These results are consistent with previ-
ous reports on humans [25] and dogs [26]. Our results
demonstrated that K/L2 ratios had a higher significant
difference than K. A previous study reported that K
was not significantly different between cats with and
without azotemia [27]. Another study reported that
feline K was not significantly different between the
CKD and control groups [4]. Our findings showed
that the K/L2 ratio was significantly different between

the healthy and early CKD groups. However, there
was no significant difference between the healthy and
late IRIS groups or between the early IRIS and late
IRIS groups. However, the sample size of cats in the
late IRIS group was small, which could be a limita-
tion of this study. Nonetheless, the 95% confidence
interval of the K/L2 ratio in the healthy group was
2.24-2.52, which is outside the reference range shown
in a previous study Yan ef al. [4] reporting that the
K/L2 ratio in healthy cats was 2.40-3.00. However,
our results were close to the reference range reported
by Shiroma et al. [28], which reported that the K/L2
ratios of neutered cats and intact cats were 1.9-2.6 and
2.1-3.2, respectively. However, the difference in the
K/L2 range may be caused by the different propor-
tions of gonadectomized cats in each study. Most cats
in our study were neutered. Therefore, our K/L2 range
was consistent with the previous findings of Shiroma
etal. [28].

In this study, the average K of both groups on
ultrasonography was less than that obtained by radi-
ography, consistent with a previous study performed
on humans [29]. Radiographic images are normally
affected by the magnification and distortion of image
details [30]. It has been reported that the fetal size
diameter observed on radiography in both dogs and
cats was larger than that measured by ultrasonogra-
phy [31]. Furthermore, the ultrasonographic K of the
CKD group was significantly shorter than that of the
healthy group for LK and average K, which is consis-
tent with the findings of a previous study performed in
cats [4]. The mean RK length in CKD cats was lower
than that in healthy cats, but there was no significant
difference that might have been caused by the small
number of samples in both groups. In addition, it has
been reported that the size of the lesion in RK and
LK did not spread equally in each CKD cat [32]. The
abdominal AO diameter was not significantly differ-
ent between the healthy and CKD groups. A previous
study found that BW positively correlated with AO
diameter but did not influence the K/AO ratio. The
average K/AO ratio of CKD cats was significantly
lower than that of healthy cats [11]. Moreover, the K/
AO ratio was significantly different between healthy
cats and cats at early IRIS stages and between healthy
cats and cats at late IRIS stages. However, no signif-
icant difference was detected between the early IRIS
and late IRIS groups. In addition, age and BW were
not found to influence the K/AO ratio. The average
K/AO ratio in the healthy group was 11.91 £ 1.59, a
range that is close to that reported by Tanvetthayanont
et al. [11], with average K/AO values of 11.69 + 1.49
and 9.80 + 1.17 in healthy and CSK cats, respectively.

For the correlation between kidney size param-
eters and plasma concentrations of Cr, BUN, and
SDMA, all kidney size parameters had a negative
correlation with all functional renal parameters.
These results are consistent with the previous studies
performed on humans [33] and cats [4]. Decreased
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renal size in patients with CKD is a common finding
in the advanced stages of CKD [34], and small kid-
neys have induced functional renal deterioration and
impairment [16]. The K/AO ratio had a moderate to
strong negative correlation with plasma Cr, BUN, and
SDMA concentrations. The K on both radiographs
and ultrasonographic images had a weak negative cor-
relation with the plasma concentration of Cr, BUN,
and SDMA.

Finally, the optimal cutoff value for the K/AO
ratio was 10.71, with sensitivity and specificity for
identifying 80% and 80% CKD cats, respectively (K/
AO ratio <10.71). The K/L2 ratio cutoff value was
2.27, with 67% sensitivity and 73% specificity for
identifying CKD cats (K/L2 ratio <2.27). The K/AO
cutoff had higher sensitivity, specificity, and correla-
tion with renal function than the K/L2 ratio.

Limitations of the study

A major limitation of this study was the small
sample size of CKD cats. Further studies, including a
large number of cats with early and late IRIS should
be conducted to provide further information. In addi-
tion, a prospective and multicentric study with a large
amount of varied population could be more clarify the
usefulness of this preliminary information.

Conclusion

Our preliminary study showed that the K/AO ratio
could be a better parameter for kidney size evaluation
in feline CKD than the K/L2 ratio. This parameter was
not affected by age, BW, and gender. Therefore, the K/
AOQ ratio could be a practical and promising parameter
for assessing kidneys in cats with CKD.

Authors’ Contributions

NC, KS, DD, NS, and CT: Study conception and
design. KJ and CT: Acquisition of data. KJ, NC, and
CT: Analysis and interpretation of data and drafting
of the manuscript. KJ, NC, KS, DD, NS, and CT:
Critical revision. All authors have read, reviewed, and
approved the final manuscript.

Acknowledgments

This study was funded by the Scholarship from
the Graduate School, Chulalongkorn University to
commemorate the 72" anniversary of his Majesty
King Bhumibol Aduladej (Grant number 6/2020).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’'s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Polzin, D.J. (2011) Chronic kidney disease in small animals.
Vet. Clin. North Am. Small Anim. Pract., 41(1): 15-30.

2.

3.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Bartges, J.W. (2012) Chronic kidney disease in dogs and cats.
Vet. Clin. North Am. Small Anim. Pract., 42(4): 669—692, vi.
Marino, C.L., Lascelles, B.D., Vaden, S.L., Gruen, M.E.
and Marks, S.L. (2014) Prevalence and classification of
chronic kidney disease in cats randomly selected from four
age groups and in cats recruited for degenerative joint dis-
ease studies. J. Feline Med. Surg., 16(6): 465-472.

Yan, G.Y., Chen, K.Y., Wang, H.C., Ma, T.Y. and Chen, K.S.
(2020) Relationship between ultrasonographically deter-
mined renal dimensions and international renal interest
society stages in cats with chronic kidney disease. J. Vet.
Intern. Med., 34(4): 1464-1475.

Debruyn, K., Haers, H., Combes, A., Paepe, D.,
Peremans, K., Vanderperren, K. and Saunders, J.H. (2012)
Ultrasonography of the feline kidney: Technique, anatomy
and changes associated with disease. J. Feline Med. Surg.,
14(11): 794-803.

Paepe, D. and Daminet, S. (2013) Feline CKD: Diagnosis,
staging and screening-what is recommended? J. Feline
Med. Surg., 15(Suppl 1): 115-127.

Bragato, N., Borges, N.C. and Fioravanti, M.C.S. (2017)
B-mode and Doppler ultrasound of chronic kidney disease
in dogs and cats. Vet. Res. Commun., 41(4): 307-315.
Mareschal, A., d’Anjou, M.A., Moreau, M., Alexander, K.
and Beauregard, G. (2007) Ultrasonographic measurement
of kidney-to-aorta ratio as a method of estimating renal size
in dogs. Vet. Radiol. Ultrasound, 48(5): 434—438.
Costanza, D., Pasolini, M.P., Greco, A., Mennonna, G.,
Auletta, L., Lamagna, F. and Meomartino, L. (2021)
Ultrasonographic measurement of kidney-to-aorta parame-
ters in Whippets. Vet. Radiol. Ultrasound, 62(4): 4760-482.
Sohn, J., Yun, S., Lee, J., Chang, D., Choi, M. and Yoon, J.
(2017) Reestablishment of radiographic kidney size in
Miniature Schnauzer dogs. J. Vet. Med. Sci., 78(12):
1805-1810.

Tanvetthayanont, P., Ponglowhapan, S., Thanaboonnipat, C.
and Choisunirachon, N. (2020) Impact of gonadal status on
ultrasonographic renal parenchymal dimensions in healthy
cats. J. Feline Med. Surg.,22(12): 1148-1154.

Kilkenny, C., Browne, W.J., Cuthill, I.C., Emerson, M. and
Altman, D.G. (2010) Improving bioscience research report-
ing: The ARRIVE guidelines for reporting animal research.
PLoS Biol., 8(6): €1000412.

IRIS. (2019) IRIS Stage of CKD (Modified 2019),
Maastricht, Netherland. Available from: https:/www.
iris-kidney.com/guidelines/staging.html. ~ Retrieved on
05-07-2022.

Da Cunha, A.F., Saile, K., Beaufrére, H., Wolfson, W.,
Seaton, D. and Acierno, M.J. (2014) Measuring level of
agreement between values obtained by directly measured
blood pressure and ultrasonic Doppler flow detector in cats.
J. Vet. Emerg. Crit. Care (San Antonio), 24(3): 272-278.
Barrett, R.B. and Kneller, S.K. (1972) Feline kidney mensu-
ration. Acta. Radiol. Suppl., 319: 279-280.

Brown, C.A., Elliott, J., Schmiedt, C.W. and Brown, S.A.
(2016) Chronic kidney disease in aged cats: Clinical fea-
tures, morphology, and proposed pathogeneses. Vet. Pathol.,
53(2): 309-326.

Bartlett, P.C., Van Buren, J.W., Neterer, M. and Zhou, C.
(2010) Disease surveillance and referral bias in the veteri-
nary medical database. Prev. Vet. Med., 94(3—4): 264-271.
Jacob, F., Polzin, D.J., Osborne, C.A., Neaton, J.D.,
Lekcharoensuk, C., Allen, TA. Kirk, C.A. and
Swanson, L.L. (2003) Association between initial systolic
blood pressure and risk of developing a uremic crisis or of
dying in dogs with chronic renal failure. J. Am. Vet. Med.
Assoc., 222(3): 322-329.

Jepson, R.E. (2011) Feline systemic hypertension:
Classification and pathogenesis. J. Feline Med. Surg.,
13(1): 25-34.

Raman, G.V., Clark, A., Campbell, S., Watkins, L. and
Osmond, C. (1998) Is blood pressure related to kidney size

Veterinary World, EISSN: 2231-0916

1120



Available at www.veterinaryworld.org/Vol.16/May-2023/26.pdf

21.

22.

23.

24.

25.

26.

27.

and shape? Nephrol. Dial. Transplant, 13(3): 728-730. 28.  Shiroma, J.T., Gabriel, J.K., Carter, R.L., Scruggs, S.L. and
Seiler, G.S. (2018) Kidneys and ureters. In: Thrall, D.E. Stubbs, P.W. (1999) Effect of reproductive status on feline
editor. Textbook of Veterinary Diagnostic Radiology. 7" ed. renal size. Vet. Radiol. Ultrasound, 40(3): 242-245.
Elsevier Saunders, Saint Louis, p823-845. 29. Brandt, T.D., Neiman, H.L., Dragowski, M.J., Bulawa, W.
McLachlan, M. and Wasserman, P. (1981) Changes in and Claykamp, G. (1982) Ultrasound assessment of normal
sizes and distensibility of the aging kidney. Br. J. Radiol., renal dimensions. J. Ultrasound Med., 1(2): 49-52.
54(642): 488-491. 30. Thrall, D.E. and Widmer, W.R. (2018) Radiation protection
Krabbe, S., Christiansen, C., Redbro, P. and Transbel, I. and physics of diagnostic radiology. In: Thrall, D.E, edi-
(1979) Effect of puberty on rates of bone growth and miner- tor. Textbook of Veterinary Diagnostic Radiology. 7% ed.
alization: With observations in male delayed puberty. Arch. Elsevier Saunders, Saint Louis, p2-22.
Dis. Child, 54(12): 950-953. 31. Limmanont, C., Ponglowhapan, §S., Tanhan, P,
Root, M.V., Johnston, S.D. and Olson, P.N. (1997) The Sirinarumitr, T. and Sirinarumitr, K. (2019) Fetal head
effect of prepuberal and postpuberal gonadectomy on radial diameter in dogs and cats measured by radiography and
physeal closure in male and female domestic cats. Ver. ultrasonography. Thai J. Vet. Med., 49(2): 175-182.
Radiol. Ultrasound, 38(1): 42-47. 32. Martino-Costa, A.L., Malhdo, F., Lopes, C. and
Simpson, W., Cranage, J.D. and Furness, J.A. (1981) Dias-Pereira, P. (2017) Renal interstitial lipid accumula-
Kidney size compared with vertebral height. Importance of tion in cats with chronic kidney disease. J. Comp. Pathol.,
possible variations in normal values. Acta Radiol. Diagn. 157(2-3): 75-79.
(Stockh), 22(3B): 321-324. 33.  Jovanovi¢, D., Gasic, B., Pavlovic, S. and Naumovic, R.
Finco, D.R., Stiles, N.S., Kneller, S.K., Lewis, R.E. and (2013) Correlation of kidney size with kidney function and
Barrett, R.B. (1971) Radiologic estimation of kidney size of anthropometric parameters in healthy subjects and patients
the dog. J. Am. Vet. Med. Assoc., 159(8): 995-1002. with chronic kidney diseases. Ren. Fail., 35(6): 896-900.
Lamb, C.R., Dirrig, H. and Cortellini, S. (2018) Comparison 34. Buturovi¢-Ponikvar, J. and Visnar-Perovi¢, A. (2003)
of ultrasonographic findings in cats with and without azote- Ultrasonography in chronic renal failure. Eur. J. Radiol.,
mia. J. Feline Med. Surg.,20(10): 948-954. 46(2): 115-122.

soskoskoskoskoskskok

Veterinary World, EISSN: 2231-0916

1121





