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ABSTRACT.- da Cruz .C.K,, Gasser B., Maronezi M.C., Uscategui R.A.R., Feliciano M.A.R,, Padilha-
Nakaghi L.C., Aires L.P.N. & da Silva P.D.A. 2021. Applicability of B-mode ultrasonography,
ARFI elastography and contrast-enhanced ultrasound in the evaluation of chronic
kidney disease in dogs. Pesquisa Veteindria Brasileira 41:e06785, 2021. Laboratério de
Ultrassonografia Veterinaria, Universidade Estadual Paulista “Julio de Mesquita Filho”, Via
de Acesso Professor Paulo Donato Castellane s/n, Jaboticabal, SP 14884-900, Brazil. E-mail:
igor_113@hotmail.com

The objective of this study was to verify the applicability of B-mode ultrasonography,
ARFI elastography and CEUS in the diagnosis of chronic kidney disease and its Stages in dogs.
24 healthy dogs and 28 with CKD were included. In B-mode, the echogenicity, echotexture
and cortico-medullary ratio of the kidneys were verified. By elastography, the shear-wave
velocity of the cortical (SWVcort) and medullary (SWVmed) regions were determined and
tissue deformity was evaluated. Wash-in, wash-out and peak enhancement (TPic) of the
contrast in the renal parenchyma were calculated and homogeneity, presence of filling gaps
and distinction of filling phases were evaluated by CEUS. Changes in echogenicity, echotexture
and cortico-medullary ratio were observed only in sick patients. There was an increase in
SWVcort in CKD, with a cutoff point >2.91m/s. Healthy kidneys were non-deformable and
25% had changes in gray scales. There was an increase in wash-in and TPic, changes in filling
characteristics, filling failures and difficulty in distinguishing between the Stages in CEUS
in CKD. It was found that dogs with CKD 2, 3 and 4 had greater SWVcort and wash-in values
than CKD 1. Elastographic and CEUS changes were observed in dogs with CKD, demonstrating
the applicability of ultrasonographic techniques in their diagnosis.

INDEX TERMS: B-mode, ultrasonography, ARFI, elastography, ultrasound, chronic kidney disease, dogs,
stiffness, perfusion, renal, microbubbles.

RESUMO.- [Aplicabilidade da ultrassonografia modo-B,
elastografia ARFI e ultrassonografia contrastada na
avaliacdo da doenca renal cronica em cies.] O objetivo
deste estudo foi verificar a aplicabilidade da ultrassonografia
modo-B, elastografia ARFI e CEUS no diagnéstico da doenga
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renal cronica e seus estagios em cdes. Foram incluidos 24
cies saudaveis e 28 com DRC. Pelo modo-B, verificou-se
ecogenicidade, ecotextura e relacdo cortico-medular dos
rins. Pela elastografia, foram determinadas as velocidades
de cisalhamento das regides cortical (SWVcort) e medular
(SWVmed) e foi avaliada a deformidade tecidual. Calculou-se
os temos de wash-in, wash-out e pico de intensidade (TPic) do
parénquima renal e avaliou-se homogeneidade, presenca de
falhas e distincdo das fases de preenchimento por contraste
por meio de CEUS. Altera¢des em ecogenicidade, ecotextura e
relagdo cortico-medular foram observadas somente em pacientes
doentes. Houve aumento da SWVcort na DRC, com ponto de
corte >2.91m/s. Rins saudaveis foram nao-deformaveis e 25%
apresentou alteracdes nas escalas de cinza. Houve aumento do
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wash-in e TPic, alteragdes nas caracteristicas de preenchimento,
falhas e dificuldade para distinguir as fases de preenchimento
do contraste nos rins com DRC. Verificou-se que cdes com DRC
graus 2, 3 e 4 tiveram valores de SWVcort e wash-in maiores que
cdes com DRC grau 1. Foram obsrervadas alteragdes elastografica
e de CEUS em caes com DRC, demonstrando a aplicabilidade
destas técnicas ultrassonograficas no seu diagnoéstico.

TERMOS DE INDEXAGAO: Ultrassonografia, modo-B, elastografia,
ARFI, doenca renal cronica, cdes, caninos, ultrassom, rigidez, perfusao,
renal, microbolhas.

INTRODUCTION

Chronic kidney disease (CKD) is an irreversible structural
and functional deficiency of the kidneys (Bartges 2012). In
dogs, presents high occurrence, morbidity and mortality
(King et al. 2017). There is a gradual reduction in functional
nephrons and homeostasis is compensated at the beginning
of the process. Clinical signs appear when about one third
of nephrons are lost and azotemia is observed when 75% of
renal function is compromised (McGrotty 2008).

Bidimensional ultrasonography is frequently performed
in nephropathic dogs, in which kidneys with CKD may show
increased echogenicity, heterogeneity and loss of definition and
cortico-medullary ratio (Gerber & Volkweis 2017). However,
these findings are nonspecific and it's not always possible to
establish the etiology (Bhadesiya et al. 2017, Bragato et al.
2017). Still, there are no studies demonstrating the applicability
of this technique in the diagnosis of CKD degrees.

Elastography is a technique that allows assessment of tissue
stiffness (Holdsworth etal. 2014). In humans with CKD, increased
stiffness of the renal parenchyma has been observed through
elastography and it was suggested that it was due to the presence
of fibrotic tissue deposited during healing process (Asano et
al. 2017). Holdsworth et al. (2014) described characteristics
of acoustic radiation force impulse (ARFI) elastography in the
canine healthy kidneys and stated that the renal cortex shear
wave velocity obtained (2.1-3.3m/s) were similar to humans.

Contrast-enhanced ultrasonography (CEUS) allows
hemodynamic assesment and study of tissue perfusion (Dong
et al. 2013). Its use has been described in human kidneys
with different vascular changes, cysts, masses or disorders
of renal parenchyma (Nilsson 2004). CEUS showed 96%
sensitivity to identify malignancy in human kidney injuries
and 50% sensitivity to differentiate the CKD Stages (Chang
etal. 2017). Waller et al. (2007) established data regarding
normal canine renal perfusion using CEUS, which can be
used as a reference for studies of renal diseases. Still, it was
possible to early identify changes in renal perfusion in dogs
with ischemic kidney injury, which can be used to monitor
disease progression (Dong et al. 2013).

Considering the high prevalence of CKD in dogs, the
limitations of the tests available for the early diagnosis and
the need for invasive techniques for diagnostic definition,
less invasive tchniques that can assist in the diagnosis of
this condiction are encouraged. Believing that there was an
ultrasound difference between helthy and sick kidneys, the
present study aimed to verify the morphological, functional,
rigidity and tissue perfusion characteristics of canine kidneys
by B-mode, ARFI elastography and CEUS, in order to assist
in the diagnosis of CKD and its Stages.
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MATERIALS AND METHODS

This study was approved by Institutional Ethics Committee (protocol
no.018.897/13) of the institution where it was carried out and there
was free and informed consent from all the tutors of the patients
included in the experiment.

All patients underwent physical examination, blood samples were
collected for biochemical analysis of serum creatinine concentrations
(mg/dL) and urine (using ultrasound-guided cystocentesis) to
calculate the urinary protein/creatinine ratio (UP/C), necessary for
the identification and classification of the chronic kidney disease
(CKD) by the criteria proposed by the International Renal Interest
Society (IRIS 2016). Twenty eight dogs (10.57+7.60kg and 9.56+5.47
years) diagnosed with CKD were included, as well as 24 healthy
dogs (11.39£9.15kg, 7.66+2.70 years) with similar ages and weights
(P=0.287 and P=0.9959, respectively).

For the animals to be considered healthy, they should meet the
following inclusion criteria: creatinine below 1.4mg/dL, UP/Cratio less
than 0.2, with no history of urinary disorders, without pharmacological
treatment in the last 30 days and presenting all exams proposed in
this study within the reference parameters for the species. Dogs with
CKD were classified as follows: Stage 1 = normal creatinine, but with
proteinuria (UP/Cratio greater than 0.2), urinary disorders or changes
in renal palpation; Stage 2 = mild azotemia (creatinine 1.4-2.0mg/
dL), which may be asymptomatic or with mild clinical signs; Stage 3 =
moderate azotemia (creatinine 2.1-5.0mg/dL) and with the presence
of clinical signs; Stage 4 = severe azotemia (creatinine greater than
5.1 mg/dL), with systemic clinical signs. Among the animals with
CKD, four (14%) were classified as Stage 1, four (14%) as Stage 2,
six (22%) as Stage 3 and 14 (50%) as Stage 4.

The patients were referred for ultrasound examination, in order
to perform B-mode ultrasound, ARFI (Acoustic Radiation Force
Impulse) elastography and contrast-enhanced ultrasound (CEUS)
of their renal structures, by an experienced evaluator (15 years old)
without knowledge of the disease or graduation. ACUSSON S2000
ultrasound equipment (SIEMENS, Munich, Germany) and a 9 MHz
linear multi-frequency transducer were used.

In B-mode, the kidneys were evaluated according to the echogenicity
of the cortical region compared to the hepatic parenchyma, being
classified as normal when it was iso or hypoechoic and altered
when hyperechogenic, in addition to echotexture (homogeneous or
heterogeneous) and cortico-medullary ratio (preserved or changed).

For ARFI elastography, “Virtual Touch Tissue Quantification”
software (Siemens, Minich, Germany) was used and gray tissue
elastograms were obtained. The kidneys were classified according
to their rigidity: lighter gray tones represented softer/deformable
tissues and dark gray tones represented more rigid/non-deformable
structures. The quantitative study determined the average shear
wave velocity of the cortical (SWVcort m/s) and medullary (SWVmed
m/s) regions, by obtaining three measurements in different regions
of interest (ROI).

After the end of the elastographic evaluation, contrast-enhanced
ultrasound was performed, using harmonic imaging software
(CADENCE® - Siemens, Munich, Germany). For this, SonoVue®
contrast (Bracco, Sdo Paulo, Brazil) was administered at a dose of
0.01ml/kg intravenously and the resulting images were recorded
for 180 seconds. In the quantitative study, the time of contrast input
(wash-in), the time for peak enhancement (TPic), and the time of
contrast output (wash-out) were evaluated. For qualitative study,
the filling characteristics (homogeneous or heterogeneous), filling
failures (absent, discrete, moderate or intense) and filling phases
(distinguishable or not distinguishable) were evaluated.
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The sample number and the statistical analysis was performed
using the R software (R Foundation for Statistical Computing,
Vienna, Austria). For sample number, a 90% confidence level was
considered. Qualitative variables were compared between groups
using Fisher’s exact test. Quantitative variables were subjected to
Kolmogorov-Smirnov normality test and compared by t-Student
test between groups and by ANOVA in different degrees of CKD.
Subsequently, the parameters that showed significant differences
(P<0.05) were subjected to the analysis of discriminative power
(CKD or healthy) through ROC curves and the cutoff value, sensitivity,
specificity, area under the curve and accuracy were calculated using
the model logistic regression.

RESULTS

Serum creatinine and UP/C ratio (Table 1) were higher in
the CKD group (P=0.001). All the parameters evaluated were
similar in the right and left kidneys (P>0.05) and between
the ROIs (P>0.05) and these measures were used without
discrimination of side or studied ROIs.

In B-mode, all healthy animals showed normal echogenicity,
homogeneous echotexture and preserved cortico-medullary
ratio. Of the dogs with CKD, 25% had altered echogenicity,
54% had heterogeneous echotexture and in 54% there was
a change in the cortico-medullary ratio (Fig.1).

Regarding the CKD Stages, it was noted that there was a
change in cortical echogenicity in 25% of kidneys with CKD
Stage 1, 100% with Stage 2, 50% with Stage 3 and 93% with

C D

Stage 4. Heterogeneity was observed in 25% of kidneys with
CKD Stage 1, 75% with Stage 2, 17% with Stage 3 and 75%
with Stage 4. The change in the cortico-medullary ratio was
notnoticed in dogs with CKD Stage 1, however it was present
in 75% of Stage 2, 17% of Stage 3 and 83% of Stage 4.

On the elastogram, 100% of the healthy kidneys were
shown in medium gray and non-deformable. In patients with
CKD, 14% of the kidneys appeared as light gray (less rigid),
75% as medium gray (similar to normal kidneys) and 11%
as dark gray (more rigid). In animals with CKD Stage 1, the
shades of gray were lightin 25% of the cases and medium in
75% of the cases. In kidneys with CKD Stage 2, 100% were
classified as medium gray. In Stage 3, 83% of the cases were
medium gray and 17% dark. As for Stage 4 kidneys, gray was
light in 22%, medium in 64% and dark in 14%.

Table 1. Mean * standard deviation of clinical and
laboratory characteristics of healthy dogs and with chronic

kidney disease (CKD)

Parameter Healthy CKD P value
Age (years) 7.66 £2.70 9.56 + 5.47 0.2785
Weight (kg) 11.39+£9.15  10.57 +7.60 0.9959

Creatinine (mg/dL) 1.21+0.16 7.44 +8.29 0.0001*

UP/C ratio 0.08 £ 0.08 4.23+4.31 0.0001*

UP/C = urinary protein/creatinine; * Significative by t-Student test (P<0.05).

Vv .57 m/s
Depth=0.9 cm

Vs=4.20 m/s
Depth=0.7 cm

Fig.1. (A-B) Ultrasonography and ARFI elastography of canine kidney with chronic kidney disease (CKD) IV: (A) note presence of

irregularity of renal surface, medular sign and cértico-medullary ratio altered; (B) note high shear-wave velocity of cortical region.
(C-D) Ultrasonography and ARFI elastography of canine kidney with CKD III: (C) note increased echogenicity of cortical and loss of
renal diverticulum definition; (D) note high shear-wave velocity of cortical region (arrow). Kidney (K), cortical (C), medullary (M).

Pesq. Vet. Bras. 41:€06785, 2021
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In quantitative ARFI elastography technique (Fig.1), a
difference was noted between healthy and sick animals for
SWVcort values (P=0.0026). The SWVcort was higher in CKD
(3.89+1.27m/s) than in healthy animals (2.66+0.17m/s), that
is, an increased stiffness of the cortical region of the kidneys
of dogs with CKD was noted. The cut-off value of SWVcort to
differentiate CKD from healthy patients was >2.91m/s, with
a sensitivity of 78%, specificity of 96% and accuracy of 87%.
However, SWVmed was similar (P=0.331) between groups.

In CEUS, the wash-in was longer in animals with CKD than
in healthy dogs (Table 2). The wash-in cut-off value >4.5 s is
indicative of CKD, with 67% sensitivity, 83% specificity and
79% accuracy. However, there was no significant difference
in the wash-out between the groups. Higher TPic values
were also observed in the sick kidneys than healthy ones,

with a cut-off value >9.35 s being an indicator of CKD, with

a sensitivity of 56%, specificity of 96% and 81% accuracy.
In the qualitative assessment of CEUS (Fig.2), there was a

difference between all the characteristics evaluated between

Table 2. Mean * standard deviation of the entrance (Wash-
in), exit (Wash-out) and peak contrast (TPic) times in CEUS
evaluation of the kidneys of healthy dogs and with chronic

kidney disease (CKD)

Parameter Healthy CKD P value
Wash-in (s) 3.33£1.145 5.69 *2.49 0.0052*
TPic (s) 6.58 + 1.84 9.97 £3.5 0.0062*
Wash-out (s) 97.75 + 18.86 80.87 + 23.49 0.1351

* Significative by t-Student test (P<0.05).

Fig.2. Contrast-enhanced ultrasound of canine kidneys. (A) Normal kidney, with homogeneous contrast filling and verification of cortical
and vascular phases. (B-D) Kidneys with chronic kidney disease Stage 4. Note the failure to fill in the contrast and in the identification
of the fases of contrast filling in the renal parenchyma. Kidney (K), liver (L), demarcation of altered renal structures (dotred circle).

Pesq. Vet. Bras. 41:e06785, 2021
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dogs with and without CKD (Table 3). It was observed that
all the healthy kidneys showed homogeneous contrast filling,
without filling flaws and with distinguishable filling phases.
As for the kidneys with CKD, 75% presented heterogeneous
filling, 78.1% with filling failures and 43.8% without distinction
of the phases.

Among kidneys with CKD Stage 1, 75% presented
heterogeneous filling, 75% with failures (50% mild and 25%
moderate failure) and in 25% it was not possible to distinguish
the filling phases. In kidneys with CKD Stage 2, heterogeneity
and filling failures were noted in 100% of cases (50% mild
and 50% moderate failure), but in no case was it difficult to
distinguish the filling phases. In kidneys with CKD Stage 3,
50% were heterogeneous, 66.66% with failures (33.33% mild
and 33.33% severe failure) and 33.33% without distinction
of the filling phases. In kidneys with CKD Stage 4, 100%
were heterogeneous and had filling failures (50% moderate
and 50% severe failure), and 71.43% presented difficulty in
distinguishing the filling phases.

Comparing the quantitative variables of patients with
CKD Stages (Table 4), SWVcort and wash-in were higher in
patients with CKD Stages 2, 3 and 4 than in patients with CKD
Stage 1, with the other variables being considered similar.

DISCUSSION

ARFI elastography and CEUS demonstrated applicability for
the identification of CKD and in the study of its evolution
in dogs, through different qualitative and quantitative
characteristics and some of them showed diagnostic accuracy
for the identification of this disease, such as SWVcort (87%),
Wash-in (79%) and TPic (81%). Thus, the results of this
study are important because they demonstrate that, among
the available ultrasound techniques, ARFI elastography and
CEUS were more promising in the diagnostic aid of CKD in
dogs, since B-mode and Doppler ultrasonography can present
great variability (Bragato et al. 2017).

It was verified by the ARFI elastography that the renal
structures of patients with CKD showed greater stiffness than
normal tissues, which can be justified by pathophysiological
changesin the affected kidneys. Considering that acute tubular
necrosis is one of the most frequent renal disorders in dogs

Table 3. Qualitative classification of canine kidneys
assessed by CEUS and P value associating these
characteristics and presence of chronic kidney disease (CKD)

Parameter  Group Classification % of the kidney P value
Fill Healthy Homogeneous 100% 0,0001*
characteristic Heterogeneous 0%
CKD Homogeneous 25%
Heterogeneous 75%
Fill failure  Healthy Absent 100% 0,0001*
Present 0%
CKD Absent 21.9%
Present 78.1%
Distinction ~ Healthy Distinguishable 100% 0,0001*
of the filling Not distinguishable 0%
phase CKD  Distinguishable 56.2%
Not distinguishable 43.8%

* Significative by Fisher’s exact test (P<0.05).

(Sapin et al. 2016) and, consequently, fibrosis is formed
during the healing process (De Camargo et al. 2006), it is
justified the observed increase in stiffness. However, other
injuries can also be associated with this increased stiffness,
such as tubular proteinosis, chronic interstitial nephritis,
mononuclear inflammatory infiltrates and glomerulosclerosis
(Hall et al. 2016).

When comparing the CKD Stages, the renal structures
of patients with CKD Stages 3 and 4 were more rigid in
qualitative assessment than in Stages 1 and 2, in which only
the most advanced grades showed dark gray elastograms. In
the assessment of SWVcort, Stages 2, 3 and 4 showed greater
stiffness. According to McLeland et al. (2015), the healing
reaction of the cortical region in abnormal renal tissues has
a correlation with the disease Stage, that is, the greater the
degree of the lesion, more intense is the healing reaction and
fibrosis in the affected renal tissue, corroborating with the
increase in stiffness observed by elastography in the present
study. Still, the fact that there was a significant increase in
stiffness only in the cortical region is justified because 80%
of the renal blood supply is directed to this region, which,
consequently, is more predisposed to areas of ischemia with
replacement of normal tissue by fibrous connective tissue
during healing (Brown et al. 2016).

The increase in entry times and peak contrast enhancement
observed in patients with CKD is justified by the decrease
in the rate of blood flow through renal tissue, since renal
tubular hypoxia has been considered an important factor in
the development and progression of CKD and, considering
that patients with acute kidney injury trigger renal ischemia,
the chronicity of the process culminates in tubular atrophy,

Table 4. Mean * standard deviation (SD) of shear wave
velocity of the cortical (SWVcort) and medullary (SWVmed)
regions, times of entry (Wash-in), exit (Wash-out) and peak

intensity (TPic) of CEUS in canine kidneys with different
stages of chronic kidney disease

Mean * SD
2.49 £ 0.40°
4.36+1.08°
4.66 + 1.15°
3.82+1.11°
1.80 £ 0.46°
2.09 £ 0.90*
2.22+0.25%
246 +1.122
3.25+0.50*
8.00 +0.00°
6.83 £ 3.49°
5.79 +2.61°
7.50+1.732
13.00 + 1.41*
11.50 £ 5.312
10.00 £ 3.31°
74.25 + 6.55°
58.50 + 7.78%

86.67 + 26.94*
4 79.07 + 24.44°

P value
0.0260*

Parameter Stage
SWVcort 1

SWVmed 0.6090

Wash-in

0.0135*

TPic

0.2740

Wash-out 0.4740

W N R B W N R A WDN R B WN R DS WwWDN

* Significative by ANOVA test (P<0.05).

Pesq. Vet. Bras. 41:€06785, 2021
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interstitial fibrosis and mononuclear inflammation (Brown
et al. 2016). Thus, the most intense changes in the study of
renal contrast in patients with higher degrees of CKD (Stages
2,3 and 4) are related to vascular lesions resulting from the
chronicity of the disease described by Brown et al. (2016).
Still, in a study by Dong etal. (2013), it was found that canine
kidneys with chronic ischemic kidney disease also showed an
increase in peak enhancement time, corroborating our findings.

In addition to the increase in wash-in and TPic, the kidneys
of dogs with CKD also showed heterogeneous filling, with
filling failures and difficulty in distinguishing between the
entry, peak and exit phases. These findings may be associated
with the vascular and healing changes described in CKD, and
may be correlated with the presence of ischemic, inflamed
or fibrotic areas (Brown et al. 2016). Furthermore, CEUS
findings are understandable since, due to the renal vascular
anatomy, nephrons are entirely dependent on the blood supply
to perform their function (Beeuwkes & Bonventre 1975) and
in patients with CKD there is vascular impairment, which was
observed through this imaging technique in several aspects.

The quantitative data, predictive of CKD obtained in this
study (SWVcort, wash-in and TPic) showed good diagnostic
accuracy (87%, 79% and 81%, respectively). Thus, until more
accurate studies are not released, elastography and CEUS
can be used as effective complementary methods for the
identification of CKD and differentiation of more advanced
degrees of this disease. The use of these diagnostic techniques
has been increasingly implemented in the study of different
organs and pathologies both in humans (Goertz et al. 2016,
Schinkel etal. 2016, Goertz et al. 2019, Thaiss etal. 2019) and
animals (Holdsworth et al. 2014, Maronezi etal. 2015) and it
is hoped that the results obtained in this research can serve
as atool for the implementation and execution of large-scale
studies, allowing the use of these non-invasive methods in
the diagnosis and staging of CKD canine.

CONCLUSION

Both ARFI elastography and CEUS proved to be promising
diagnostic tools for the differentiation between kidneys from
healthy dogs and those with CKD, as well as for staging patients
with greater severity, since it was possible to associate the
increase in stiffness and changes of vascular filling with the
Stages of the disease, accurately.
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