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Diagnosis and management of canine renal cell carcinoma with special reference
to shear wave elastography
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ABSTRACT: This report focuses on the diagnosis and surgical management of unilateral renal cell carcinoma in a
7-year-old male intact German Shepherd dog. The dog was presented with fever, haematuria, inappetence, infrequent
bouts of emesis, and progressive weight loss. Palpation revealed a hard, round mass in the right cranial abdomen. A
presumptive diagnosis of unilateral renal neoplasm was made based on clinical signs, haematobiochemical analysis,
and radiography. B-mode ultrasound examination demonstrated an enlarged right kidney extending up to the ventral
midline. The kidney exhibited heterogenous echotexture, loss of renal architecture, and only a small healthy portion at
the caudal pole. Point Shear Wave Elastography analysis revealed elevated values both in terms Shear Wave Velocity
(m/sec) and Young’s Modulus Stiffness Value (kPa), indicating the presence of renal malignancy. To treat the condition,
unilateral nephroureterectomy was performed under general anaesthesia. Histopathological examination confirmed the
diagnosis of renal cell carcinoma. Consequently, it can be concluded that B-mode ultrasonography, Point Shear Wave
Elastography, and nephroureterectomy played crucial roles in the successful diagnosis and surgical management of
unilateral renal cell carcinoma.
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rimary renal tumors like renal cell carcinoma

(RCC), are of rare yet malignant occurrence, af-
fecting only a small percentage of canine population
(Baskin and De Paoli, 1977; Bryan et al., 2006; Da-
rakamas et al., 2022) with a breed predilection among
German Shepherds, Labrador Retrievers, Golden
Retrievers, and Boxers (Meuten and Meuten, 2016).
These tumors tend to manifest in more in male dogs
who are typically middle-aged or older (Lucke and
Kelly, 1976; Baskin and De Paoli, 1977; Klein et al.,
1988; Bryan et al., 2006; Chiang et al., 2007; Edmond-
son et al., 2015). Adjuvant chemotherapy, despite its
disappointing results in human cases, has not been ex-
tensively explored as a treatment option for primary
renal tumors in dogs, leaving surgical intervention as
the primary choice to improve prognosis (Klein et al.,
1988; Bryan et al., 2006; Carvalho et al., 2017).

Studies have revealed the remarkable functional
reserves of canine kidneys (Finco et al., 1999). It has
been observed that levels of serum creatinine (sCr), a
widely used surrogate biomarker for renal function in
developing countries, rise beyond the normal range
only when there is a 75% loss of functional renal mass
or a 40% reduction in glomerular filtration rate (GFR)
(Cobrin et al., 2013; Relford et al., 2016). By the time
cases with renal impairment are presented, the irre-
versible loss suffered by the kidneys’ reserves often
leads to a guarded to poor prognosis and a subsequent
decrease in survival time.

The timely diagnosis of renal diseases and renal
failure in dogs is of utmost importance to initiate
therapeutic or surgical interventions that can poten-
tially slow down or halt disease progression (Lees,
2004). Diagnostic imaging modalities, including ra-
diography (Edmondson et al., 2015; Darakamas et
al., 2022), B-mode ultrasound (Bryan et al., 2006;
Edmondson et al., 2015), colour Doppler ultrasonog-
raphy (Chen et al., 2021), and CT scan (Darakamas et
al., 2022; Noh et al., 2022), have played a crucial role
in detecting primary renal tumors. However, since
CT scan availability may be limited in some centers,
techniques such as radiography, B-mode ultrasound,
and color Doppler ultrasonography can only provide
a qualitative assessment of renal lesions. This limita-
tion renders them unreliable for definitive differen-
tial diagnosis and evaluating the progression of renal
diseases. Renal biopsy (Rawlings et al., 2003) and
fine needle aspiration cytology (FNAC) (McAloney
et al., 2018) have been regarded as the gold standard

for assessing the advancement of renal conditions.
Unfortunately, these invasive techniques come with
complications, including a 5.5% incidence of discrete
light microscopic lesions and visible capsular scars in
canine patients undergoing biopsy or FNAC (Groman
et al., 2004).

Ultrasound-based Point Shear Wave Elastography
(pSWE), which holds promise as a potential imaging
technique. This innovative approach measures the
stiffness of tissues or regions of interest under scruti-
ny, serving as a valuable aid in differential diagnosis
and the assessment of renal disease progression (Bob
etal., 2017).

This communication aimed to evaluate the clinical
manifestations, laboratory findings, and the impact of
various diagnostic modalities and surgical interven-
tions on the successful recovery of a dog with unilat-
eral renal cell carcinoma.

Over a span of two years, from May 2021 to May
2023, a total of 198 dogs of varied age, breed, gen-
der, and body weight, suspected with renal diseases
were enrolled in this study. Among these cases, we
identified a single instance of unilateral renal cell
carcinoma based on a combination of clinical signs,
hematological findings, renal function tests, routine
urinalysis observations, radiography, B-mode ultra-
sonography, point shear wave elastography (pSWE),
surgical intervention, and histopathology.

The affected dog was a 7-year-old intact male Ger-
man Shepherd, weighing 24 kg, with a body condition
score of 2.5. The dog was presented with symptoms
such as fever (38.9 °C), tachycardia (104 beats per
minute), dehydration (8%), chronic hematuria, loss of
appetite, occasional vomiting, and progressive weight
loss. During physical examination, a hard, round
mass was palpated in the right cranial quadrant of the
abdomen.

Hematological analysis revealed a normal hemo-
globin level (13.2 g/dL), a slight decrease in total
erythrocyte count (TEC; 5.39 x 106/ uL), packed cell
volume (PCV; 35.7%), and platelet count (167 x 103/
uL). Neutrophilic leukocytosis with a mild left shift
was also observed (total leukocyte count - 28,000/uL,
relative neutrophil count - 88%, and absolute neutro-
phil count - 24,640). Biochemical analysis showed
normal serum creatinine (sCr) levels (1.3 mg/dL), but
elevated blood urea nitrogen (BUN) levels (62 mg/
dL) and hyperphosphatemia (7.3 mg/dL). Routine
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urinalysis revealed increased levels of urinary leuko-
cytes (3+), RBCs (3+), protein (3+), and a high pH
(8.5). A decrease in urine specific gravity (1.015) was
also observed.

Upon performing orthogonal thoracic radiography,
normal cardiopulmonary structures were observed.
However, orthogonal abdominal radiographic views
revealed a roundish, radiopaque mass occupying a
space in the right cranial abdomen, causing dorsal
and medial displacement of the gas-filled duodenum
(Figure 1).
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For further evaluation, B-mode ultrasonography
was performed using an ultrasound machine (Make:
Philips, Model: Affiniti 70G, Release 2.0.1, Philips
Healthcare, 3000 Minuteman Road, Andover, Massa-
chusetts, 01810, United States of America) equipped
with linear (C12-5, Philips Healthcare) and curvilin-
ear (C5-1 PureWave, Philips Healthcare) array trans-
ducers. For imaging the mass, the curvilinear array
transducer (1.0 - 5.0 MHz, depth: 16 cm, gain: 62dB)
was utilized, maintaining TIS (Thermal Index for Soft
Tissue) at 0.5 and MI (Mechanical Index) at 0.8 for
patient safety. For imaging the contralateral healthy

Figure 1. Showing right lateral and ventrodorsal radiographic views of thoracic and abdominal cavity. (a, b) orthogonal thoracic ra-
diographic views revealed normal cardiopulmonary structures; (c, d) orthogonal abdominal radiographic views revealed a radiopaque
roundish space occupying lesion (white arrows) present in the right cranial abdomen pushing gas filled duodenum dorsally and medi-

ally (yellow arrows). LK = left kidney
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kidney, the linear array transducer (5.0 - 12.0 MHz,
depth: 8 cm, gain: 63dB) was used, with TIS at 0.0
and MI at 0.7. Adequate frequency was chosen au-
tomatically by the ultrasound scanner to balance be-
tween sufficient tissue penetration and adequate reso-
lution for precise characterization of the tumor.

The B-mode ultrasonography findings revealed
a significantly enlarged right kidney, extending up
to the ventral midline, with noticeable loss of renal
architecture. The renal parenchyma exhibited hetero-
geneous echotexture, and anechoic cavitation was
detected in the cranial pole of the right kidney. Inter-
estingly, a small, unaffected portion of the kidney was
observed at the caudal pole, indicating the presence of
a space-occupying lesion originating from the renal
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tissue. On the other hand, the B-mode ultrasonogra-
phy of the left kidney showed normal renal architec-
ture (Figure 2).

To enhance visualization and accurately localize
the lesions, “iSlice” intelligent slicing technology was
performed (Li et al., 2012; Wei et al., 2013; Dong et
al., 2016; Song et al., 2018). This technique involved
capturing images at various levels in a longitudinal
plane, essentially creating “slices” of the space-occu-
pying lesion. These slices were then arranged together
in a single frame, facilitating improved visualization
and precise localization of the lesions. Notably, no
normal renal architecture was identified in any of the
slices obtained using iSlice (Figure 3).

Lt kmm(c)

Figure 2. B-mode ultrasonography revealed (a) markedly enlarged right with loss of renal architecture, heterogenous echotexture of
renal parenchyma with anechogenic cavitation involving cranial pole of right kidney; (b) a small and healthy part of kidney was ob-
served at the caudal pole of the right kidney (*), suggestive of space occupying lesion of right renal origin; (¢) B-mode ultrasonography
revealed normal renal architecture of left kidney.

~._

Figure 3. iSlice could not find normal renal architecture in any slice.
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In order to conduct pSWE, the 1.0 - 5.0 MHz cur-
vilinear array transducer (C5-1 PureWave, Philips
Healthcare) and ElastPQ (EPQ) Stiffness software
integrated into the ultrasound scanner were utilized.
The dog was positioned in dorsal recumbency with
a positioner for optimal imaging. Real-time B-mode
combined with pSWE assessed the kidneys, with a
fixed rectangular region of interest (ROI) box placed
on the cranial and caudal poles of the renal cortex.
The ROI had a fixed size and could be moved within
the image to a maximum depth of § cm, gain set at 60
dB, TIS maintained at 0.4, and MI at 1.3 for patient
safety.

Care was taken to avoid overlap with the renal
capsule, medulla, blood vessels, cysts, renal sinus,
perirenal fat, or surrounding tissues. The operator ap-
plied minimal compression during the procedure.

For each kidney, five valid measurements were
obtained from both the cranial and caudal poles, and
these measurements were combined. The “median”
value of the combined measurements was considered
as the pSWE value for the respective kidney, following
the guidelines established by the World Federation of

T
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Ultrasound in Medicine and Biology (WFUMB) and
the European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB) (Iyama et al.,
2021; Ferraioli et al., 2022). In this study, the pPSWE
values were reported in terms of Shear Wave Veloc-
ity (SWV) measured in m/sec and Young’s Modulus
Stiffness Value (YMSV) measured in kPa.

The pSWE study revealed higher values for the
suspected tumorous renal mass compared to the
healthy contralateral kidney. The median SWV value
for the tumorous renal mass was 3.06 m/sec, notably
higher than the contralateral healthy kidney’s medi-
an SWV value of 0.86 m/sec. Similarly, the median
YMSYV for the tumorous renal mass was 28.49 kPa,
notably higher than the contralateral healthy kidney’s
median YMSV value of 2.43 kPa. These findings
strongly suggested the presence of renal malignancy
(Figure 4).

Based on the clinical signs, laboratory findings,
radiographic, B-mode ultrasonographic, and pSWE
studies, a presumptive diagnosis of unilateral renal
neoplastic mass was reached. Recognizing that sur-
gery offered the best chance for resolution, it was

Figure 4. pPSWE study revealed higher pPSWE values (both in terms of SWV in m/sec and YMSV in kPa) of presumptively malignant
renal tumour (a, b) as compared to contralateral healthy kidney (c, d).
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decided to proceed with exploratory laparotomy and
unilateral nephroureterectomy on the subsequent day.
Prior to the surgery, the animal received a premedi-
cation cocktail consisting of Butorphanol (But0d01®,
Neon at 0.2 mg/kgb.w.), Acepromazine (Aceprom-
azine, VetOne at 0.05 mg/kgb.w.), and Glycopyrro-
late (Pyrolate®, Neon at 0.01 mg/kgb.w.) via intra-
muscular injection. General anesthesia was induced
using intravenous Propofol (Neorof®, Neon at 4.0
mg/kgb.w.), followed by endotracheal intubation and
maintenance of anesthesia with Isoflurane inhalation.
Perioperative fluid therapy was provided, and the rou-
tine procedure of unilateral nephroureterectomy was
performed through a ventral midline celiotomy as de-
scribe by MacPhail (2013). During the exploration,
thorough examination of other abdominal organs was
conducted to rule out visceral metastasis. Following
the nephroureterectomy, the dimensions of the re-
moved kidney were measured, revealing a length of
19.5 cm, width of 14.5 cm, and height of 18.7 cm,
with a weight of 1.1 kg (Figure 5). Samples from the
mass were collected for histopathological investiga-
tion.

In the post-operative period, the dog received fluid

therapy (Ringer’s lactate, 500 ml intravenously once
daily for 3 days), antibiotics (Ceftriaxone and Tazo-
bactam combination, Intacef Tazo®562.5 mg, Intas
intravenously, BID for 5 days, and Amikacin, Mika-
cin®, Aristo 250 mg intramuscularly, OD for 3 days),
analgesics (Meloxicam, Melonex®, Intas 5 mg intra-
muscularly once daily for 3 days), and proton pump
inhibitors (Pantoprazole, Pantop®, Aristo at 40 mg
intravenously, OD for 3 days). The pet parents were
advised to provide the dog with light food until the
post-operative suture removal. The cutaneous sutures
were later removed on 14th post-operative day and
the wound healed without any complications. On the
50th day of post-operative follow-up, the animal ap-
peared healthy with no signs of metastasis (Figure 6).

Histopathological investigation of the mass re-
vealed a significant proliferation of epithelial cells
within the kidney tubules. The neoplastic cells exhib-
ited tubular arrangements and, in some areas, formed
papillary projections within the tubule lumens. Addi-
tionally, there was a proliferation of connective tissue
between the neoplastic cells. These histopathological
findings confirmed the presence of “Renal Cell Carci-
noma” (Figure 7).

Figure 5. Gross image of renal mass after unilateral nephroureterectomy through ventral midline celiotomy
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Figure 6. Uneventful recovery on soth post-operative day follow-up

100 pm

Figure 7. Histopathology suggestive of Renal cell carcinoma (H&E, 20x)

DISCUSSION 1976; Klein et al., 1988; Bryan et al., 2006), which

According to published reports, dogs between the aligns with the age of the dog in this case study. The
ages of 7.1 and 8.8 years were found to be more sus- prevalence of RCC in our sample size was 0.505%,
ceptible to renal cell carcinoma (Lucke and Kelly, consistent with previous reports (Baskin and De
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Paoli, 1977; Bryan et al., 2006). Unilateral RCC pre-
sentations were commonly observed (Bryan et al.,
2006; Darakamas et al., 2022). Similar to reports by
Edmondson et al. (2015) and Darakamas et al. (2022),
German Shepherd dogs, retrievers, and boxers were
predisposed to RCC.

Clinical signs such as haematuria, inappetence,
infrequent bouts of emesis, and progressive weight
loss were observed in our study, aligning with previ-
ous reports where similar non-specific clinical signs
were commonly presented (Lucke and Kelly, 1976;
Bryan et al., 2006; Darakamas et al., 2022). Fever was
also reported by Bennett (2004), possibly due to para-
neoplastic syndrome concurrent with paraneoplastic
leukocytosis caused by neoplastic cell elaboration of
cerebrospinal fluid (Petterino et al., 2011).

Neutrophilia (20%), anemia (33%), and throm-
bocytopenia (9%) were less common hematological
abnormalities in dogs with primary renal neoplasia
(Bryan et al., 2006; Chiang et al., 2007), consistent
with the findings of this study. Anemia was not ob-
served, but a mild decrease in total erythrocyte count
(TEC) and packed cell volume (PCV) was noted, as
reported by Darakamas et al. (2022). This may be
attributed to increased release of erythropoietin by
the renal mass to maintain hemoglobin levels within
the normal physiological range (Waters and Prueter,
1988; Bennett, 2004; Meuten and Meuten, 2016).
Neutrophilic leukocytosis, although uncommon, may
be due to paraneoplastic leukocytosis, as reported by
Petterino et al. (2011).

As reported by Caravalho et al. (2017), 16-19% of
canine patients with RCC exhibited elevated serum
creatinine (sCr) and blood urea nitrogen (BUN), ex-
plaining the lack of sCr elevation in this study, consis-
tent with previous reports by Darakamas et al. (2022).
According to Cobrin et al. (2013) and Relford et al.
(2016), sCr levels would only increase beyond the bi-
ological reference range with more than 75% irrevers-
ible loss of functional units of kidney. This suggests
that the case in this study presented at an early stage,
with some renal functional reserve still intact, indicat-
ing a favorable prognosis.

Routine urinalysis commonly revealed hematuria,
proteinuria, and pyuria, as reported by Bryan et al.
(20006), Petterino et al. (2011), and Darakamas et al.
(2022), which aligns with our findings. Bryan et al.
(2006) also reported isosthenuria as a common find-
ing in routine urinalysis. Although isosthenuria was

not observed in our study, a decrease in urinary spe-
cific gravity was noted, indicating mild impairment of
the kidney, in corroboration with findings of Daraka-
mas et al. (2022).

According to Bryan et al. (2006) and Noh et al.
(2022), primary renal neoplasms like RCC often have
metastatic properties, with pulmonary metastasis ob-
served in 16 to 26.7% of dogs. Chiang et al. (2007)
reported RCC metastasis to hypertrophic osteopathy.
However, orthogonal thoracic radiography in this case
study revealed a normal lung pattern, suggesting the
absence of metastasis. Orthogonal abdominal radio-
graphs aided in localizing and approximating the size
of the space-occupying mass, revealing a radiopaque
silhouette. However, a lateral abdominal radiograph
raised doubts due to the dorsal deviation of the gas-
filled duodenum, mimicking a space-occupying lesion
originating from the splenic parenchyma. B-mode ul-
trasonography, on the other hand, confirmed the ori-
gin of the mass in the right kidney and the loss of in-
ternal renal architecture. It also helped in confirming
the absence of metastasis to other abdominal organs.
iSlice was unable to visualize the unaffected portion
of right kidney which might be due to big size of the
mass and different plane of scan.

There was a lack of supporting literature in vet-
erinary medicine regarding SWE based evaluation of
renal mass. But in human medicine, previous reports
have explored the efficacy of SWE in evaluating kid-
ney masses (Iyama et al., 2021). Gdya et al. (2015)
conducted a study to distinguish between benign and
malignant kidney tumors in humans, where the ma-
lignant tumors showed higher SWE values. Another
study involving 197 human patients with kidney le-
sions demonstrated significantly higher SWV in cases
of renal cell carcinoma (Lu et al., 2015). Consistent
with these findings, the SWV and YMSV of RCC in
this case were higher compared to the contralateral
healthy kidney. The elevated pSWE values can be
attributed to the proliferation of neoplastic cells in a
confined area, resulting in increased stiffness of the
RCC. Histopathological findings were in agreement
with previous reports (Chiang et al., 2007; Petteri-
no et al., 2011; Edmondson et al., 2015; Meuten and
Meuten, 2016)

To the best of the authors knowledge, no report
was available on the role of pSWE in the differential
diagnosis of renal cell carcinoma in dogs at the time of
writing of this manuscript. So, the present report puts
on record that the elevated Shear Wave Elastography
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Velocity and loss of renal architecture, supported by
histopathological findings, confirmed the diagnosis of
“Renal Cell Carcinoma.” Nephrectomy proved to be
an effective treatment for renal carcinoma in this case.
Since the case was detected at an early stage, follow-
ing proper diagnostic and surgical techniques resulted
in an uneventful recovery and improved survival time
for the animal.
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