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ABSTRACT

Ultrasonography is an important technology for examining renal measurements, including length and width. The
kidneys can be easily examined, and various structures in the kidneys are distinguishable with ultrasound. This
research aimed to determine the normal ultrasonographic appearance of the kidneys in healthy adult Bali cattle,
providing a reference for future descriptions of Bali cattle kidneys. In this research, 8 Bali cattle, aged 2-3 years with
the healthy status of the urinary system were examined. The tool used was an animal ultrasound device, named
Mindray DP10 Veterinary Ultrasound, with a 3-7.5 MHz convex transducer, utilizing a B-mode image mode. The
transducer was placed in the right paralumbar fossae. The results indicated that the average horizontal length of the
kidneys was 17.36 cm and the average vertical diameter of the kidney was 4.6 cm. The echogenicity of the renal
cortex showed an echoic image, while the pyramidal part of the renal medulla indicated a relatively hypoechoic
image. The results of measuring the diameter of the left kidney in clinically healthy Bali cattle could be used as a
basis for decision-making in determining the clinical status of kidney health in this breed of cattle.
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INTRODUCTION

Ultrasonography is one of the most widely used diagnostic imaging methods in clinical practice. It is a non-invasive
examination tool used in both human and veterinary practices (Barreiro-Vazquez et al., 2021). Ultrasonography is cost-
effective and can be carried out in the veterinary field on both small animals (Utomo et al., 2023) and large animals (Eibl
and Franz, 2021). Ultrasonography has been increasingly used in large animal clinical practice and surgery. Its use has
been increasing in large animal clinical practice and surgery. While most ultrasound examinations in livestock focus on
pregnancy (Szenci, 2021), digestion (Khalphallah et al., 2021), and respiration (Berman et al., 2019; Cuevas-Gémez.,
2021), there is a growing trend toward using ultrasonography for kidney examination (Barreiro-Vazquez et al., 2021;
Tharwat, 2021).

Knowledge of the bovine kidneys’ anatomy and topography relative to the body cavity is very important for
veterinarians, particularly for clinical examination of the kidney, including laparotomy examination and
laparoscopy/ultrasound-guided biopsy (Imran and Sharma, 2014). The use of ultrasound for assessing renal anatomy is
straightforward (Hansen et al., 2016). Ultrasonography aids veterinarians in diagnosing morphologic changes in the
kidney (Seif and Bark,2007), detecting kidney disorders (Debruyn et al., 2012), diagnosing infections in the upper or
lower urinary tract (Floeck, 2009) and urinary system diseases in cows (Oztiirk et al., 2005), measuring kidney volume,
and assessing the kidney architectural appearance (Bappah et al., 2019). Additionally, ultrasound imaging is now used
for the physiological examination of kidney blood flow (Barreiro-Vazquez et al., 2021).

The bovine kidneys, especially the left kidney can be mobile. This mobility is likely due to pressure exerted by the
full rumen. Kidney morphology in cattle can change with the seasons, such as in summer, when heat stress affects
glomerular and tubular function, as well as urine concentration (Akosman et al., 2018). Cow kidneys have a lobed shape
and can be microscopically divided into three layers: the capsule, parenchyma, and renal pelvis. The kidneys are covered
by a thin, light brown capsule. The parenchyma layer is divided into two parts, including the outer part, called the cortex,
and the inner part called the medulla (Ishaya et al., 2021). In terms of anatomical location, cows have a right and a left
kidney. The right kidney in cows is located in the abdominal cavity between the last rib and the transverse process of the
2nd to 3rd lumbar vertebrae, appearing more cranial compared to the left kidney (Braun, 1991; Barreiro-Véazquez et al.,
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2021). The left kidney, positioned slightly lower than the right kidney, can move medially depending on the ruminal
filling (Braun, 1993).

Some imaging techniques for assessing kidney size and shape in humans and animals include magnetic resonance
imaging, ultrasonography, contrast studies, radiography, computed tomography, and renal scintigraphy (Caroli et al.,
2021). The introduction of routine abdominal ultrasound examination in large animals has resulted in various methods
for estimating kidney size and volume with this modality, including using volumetric formulas based on maximum
kidney length (Hussein et al., 2018).

Ultrasonography is used to assess the anatomy of the kidney, including shape and size (length, width, and thickness).
Ultrasonography identifies the echogenicity of the renal parenchyma as well as details changes in the collecting system.
These details help in identifying the extent of renal parenchymal damage and its possible reversibility (Ahmed et al.,
2019). Additionally, ultrasonography examines the renal cortex and parenchyma (Stankiewicz et al., 2023) and
complements the physical examination and clinical pathology evaluation by providing additional information about the
disease.

Kidney ultrasound examination can identify primary abnormalities and differentiate between normal and abnormal
conditions that often cause abdominal pain. Common urological diseases in cattle, such as urolithiasis, which result in
significant economic losses for the livestock industry because they are considered the fifth most common cause of death,
require ultrasonography of the kidneys for diagnostic purposes (Dangi et al., 2022). Ultrasonography can provide
information on urinary system diseases, such as the size, structure, and position of the kidney and bladder parenchyma
(Tharwat, 2021).

Routine ultrasound use in cattle is currently very limited, especially in Bali cattle. Bali cattle are the indigenous to
Indonesia and play an important role in livestock development in Indonesia (Puja et al., 2018). They are directly
domesticated from wild bulls that still live in the Baluran National Park area in East Java (Martojo, 2012). Bali cattle are
known for their strong energy and the presence of horns on cows, coupled with their wild temperament, which
necessitates special techniques or skills in handling. There is currently no reference available regarding the morphology
of Bali cattle kidneys through ultrasound examination, using the transcutaneous method. This study aimed to describe
the kidney morphology of Bali cattle through ultrasound examination. The data obtained from this study can help
veterinary practitioners in the diagnosis of healthy Bali cattle kidneys.

MATERIALS AND METHODS

Ethical approval
This research has been approved by the Animal Ethic Committee Faculty of Veterinary Medicine Udayana
University, Bali, Indonesia with approval number: B/98/UN14.2.9/PT.01.04/2024.

Animal samples

Eight Bali cattle, aged 2-3 years, weighed approximately 250 to 300 kg, raised at the Bali cattle breeding center,
Sobangan Badung, Bali Indonesia, were selected for the study. The animals were kept under standard conditions of
feeding and management. The animal is clinically healthy and has no history of pathological disorders, especially in the
urinary tract based on the result of clinical examination from a veterinarian. The cows were female and not pregnant. The
average body condition score was three on a five-point scale. The morphometric data was taken from post-mortem
kidneys at the Pesanggaran Denpasar, Bali, Indonesia slaughterhouse in the dry season.

Ultrasound examination

The equipment utilized for this study was the Mindray DP 10 Veterinary Ultrasound (Germany), specifically
designed for animal, equipped with a 3-7.5 MHz convex transducer. The image mode employed was B-mode, displayed
on a 10-inch LCD. Ultrasound observations of the kidneys were carried out on the right paralumbar fossa where the hair
was shaved first. Animals were positioned in a standing position without sedation. The cow is not given food or water
for at least 12 hours before the examination. After adding the gel, the transducer is placed longitudinal plane on the
dorsal part of the abdomen. The right and left kidneys were measured, and their internal structures, such as renal
parenchyma, and echotexture of the kidney were examined (Floeck, 2009).

Data analysis

Data from ultrasound examination results were tabulated and analyzed descriptively. The results of the vertical and
horizontal diameter of the kidney are presented as means and standard deviations. All statistical tests were conducted
using IBM SPSS for Windows v.26.
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RESULTS

Ultrasonography was performed on eight cows that were clinically healthy and not anesthetized, with imaging focused
on the kidneys from the paralumbar area. While the left kidney exhibited a clear, oval appearance (Figure 1), the right
kidney appeared less distinctly visible. Adjacent organs, including the large intestine and medial rumen wall, were
visible alongside the left kidney. The left kidney structure image showed distinct echotexture in the ultrasound images.
The renal cortex indicated an echoic image, while the pyramidal part of the renal medulla revealed a relatively
hypoechoic image. In the kidney, the renal sinus section showed a hyperechoic image. A total of 15 pairs of right and left
kidneys were measured to obtain kidney morphometric data for Bali cattle (Figure 2). Measurement results of the
horizontal diameter of the kidneys of Bali cattle yielded an average of 17.36 + 0.71 cm. The average diameter of Bali
cattle kidney vertices was 4.6 + 0.33 cm (Table 1). The vertical diameter of the kidney was much smaller than the
horizontal diameter.

Abdominal wall

Figure 1. "Longitudinal ultrasound ima@e of left kirdney in a 2-year-old female Bali cattle. 1: Renal cortex; 2: Medullary
pyramid; 3: Renal sinus

Figure 2. Morphology of three years old female Bali cattle (left kidney)

Table 1. The average size of Bali cattle kidney

Variable N Max Min Mean + SD
Length (cm) 15 18.2 16.3 17.36+0.71
Vertical diameter (cm) 15 5.1 4.2 4.6£0.33

N: Number. SD: standard deviation.
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DISCUSSION

This study represented the first report to describe the kidney morphology of healthy, non-pregnant Bali cattle using the
transcutaneous ultrasonography method. These findings can be useful as a basis for further research comparing normal
Bali cattle and sick Bali cattle. Transcutaneous ultrasonography images at the dorsal abdominal location succeeded in
depicting the size and appearance of the kidney structure of Bali cattle. However, the ultrasound image of the right
kidney cannot be clearly imaged.

The obtained results of the current study differed from the study conducted by Katsoulos et al. (2020), indicating
that the image of the right kidney in Holstein cows can be recognized, compared to the left kidney. The right kidney
lobes of the Holstein cow can be examined using ultrasonography, but the cortex and medulla cannot be clearly
distinguished (Braun, 1991).

In this study, the echo patterns of the kidney structures, including the renal pyramids, and renal parenchyma were
identified through different echogenic images. This research aligns with the report of Seif and Bakr (2007), who
indicated the parenchyma and renal pyramids, could be observed with different echotexture. The results of imaging of
the left kidney in Bali cattle were similar to the results of imaging carried out by Braun (1993) on Swiss Braunvieh cattle
evaluated from the echogenicity of renal parenchyma and medullary pyramids. The left kidney in cattle can be imaged
well using ultrasonography. Changes in the echo pattern of the structure of the left kidney may occur due to the presence
of the rumen (Akosman et al., 2018). The left kidney position often varies depending on rumen distension. It can be
located from the midline to the right stomach and rotated to varying positions, sometimes even in contact with the
abdominal wall (Barreiro-Vazquez et al., 2021).

The results of this study showed that the average horizontal diameter of the kidney in Bali cattle ranged from 16.31
to 18.2 cm, while the width of the kidney in Bali cattle ranged from 4.2 to 5.1 cm with an average of 4.2 cm. The
measurement results between individuals were similar, due to the similar age and Body Condition Score (BCS) of the
examined cows. Comparatively, the average kidney size of Bali cattle fell below that of other breeds. For instance,
Limousin-Cross cattle exhibited an average length of 19.63 cm in length and 10.11 cm in width (Katsoulos et al., 2020),
while Holstein Friesian cattle typically ranged from 19-26 cm in length and 6.90 cm in width (Barreiro-Vazquez et al.,
2020). This result indicated that differences in kidney size in other studies may be due to differences in the cattle breeds
used. Breed and age are significant factors influencing cattle kidney size (Seif and Bakr, 2007; Katsoulos et al., 2020).
The kidney shape of Bali cattle tended to be smoother at the margins, compared to Holstein cattle. Moreover, the lobes
were less visible, compared to other cattle breeds, such as Holstein and Limousin-Cross (Katsoulos et al., 2020).

In this study, the renal cortex showed an echoic image, while the pyramidal part of the renal medulla showed a
relatively hypoechoic image. The current study results are in accordance with echo patterns in healthy Jersey/Red Sindhi
crossbred cows, were reported by Imran and Sharma (2014). Ultrasound regularly uses a subjective assessment of
relative organ echogenicity, visual perception of echogenicity results from ultrasonic back reflection and attenuation
(Stankiewicz et al., 2023).

In Bali cattle, ultrasonography images showed differences in echogenicity between the cortex and the medulla. The
renal cortex showed a hypoechoic image, while the pyramidal part of the renal medulla indicated a relatively less
echogenic image, compared to the cortex. These echogenicity patterns observed in the left kidney of Bali cattle mirror
those documented in the left kidney of Swiss Braunvieh cattle, indicating consistent differences in the echogenicity of
the kidney structure (Braun, 1993). The echogenicity pattern of renal lobulation can be visualized by ultrasonography.
Various structures in the kidney, such as the renal cortex and renal medullary pyramids can show differences in
echogenicity. The renal cortex is more echogenic, compared to renal medullary pyramids (Seif and Bakr, 2007).
However, the thickness of the renal cortex of Bali cattle is smaller than Swiss Braunvieh. This can be the result of the
difference in the size of the cows. Bali cattle is relatively smaller than most other cows, such as Holstein, Brown Swiss,
and Jersy. The renal size is correlated with the body size of the cow (Seif and Bakr, 2007).

CONCLUSION

From the present results, ultrasonography images of Bali cattle’s dorsal abdomen can be used to image the left kidney.
The vertical diameter of the kidney is much smaller than that of the horizontal diameter. The horizontal diameter of the
kidneys of Bali cattle was an average of 17.36 £ 0.71 cm and the average diameter of the kidney vertices was 4.6 + 0.33
cm. The results of measuring kidney diameter can be used as a reference for diagnosing changes in Bali cattle’s kidney
morphology. Further studies involving healthy Bali cattle and Bali cattle with urinary system disease are required to
establish the difference between healthy and damaged kidney ultrasound imaging.
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