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ABSTRACT.	 A 23-day-old Japanese Black female calf presented with distension of the lower 
abdomen. Abdominal ultrasonography revealed a cystic structure with fluid accumulation and 
moderate echoluminance in the right abdominal cavity. Ultrasonography and contrast-enhanced 
computed tomography revealed congenital hydronephrosis due to narrowing of the intrarenal 
ureter, and right kidney resection was performed. Blood urea nitrogen and serum creatinine 
levels, which were within reference values preoperatively, peaked on the third postoperative day 
and gradually decreased afterward until reaching preoperative values on the tenth day. In bovine 
hydronephrosis, nephrectomy may provide a favorable prognosis if one kidney is intact. Moreover, 
this case suggests that blood tests immediately after surgery are not suitable for evaluating residual 
kidneys.
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Renal disease in cattle is generally diagnosed based on clinical signs, and blood test, urinalysis, rectal examination, cystoscopy, 
and ultrasonography findings [10, 11]. Elevated blood urea nitrogen (BUN) and serum creatinine (Cre) levels may indicate renal 
dysfunction [17, 28]. Rectal palpation of intra-abdominal organs is of great diagnostic value but is not possible in calves or juveniles. 
Ultrasonography of the kidneys is useful for noninvasive determination of the nature of renal masses, including differentiating cystic 
from solid masses [16] and liquid from blood-filled masses [8], as well as evaluating the shape and size of intraperitoneal masses 
and organs [7].

Hydronephrosis is a condition in which the urinary tract distal to the renal pelvis is obstructed or narrowed, while the renal pelvis 
and renal cups are dilated [5, 18, 23]. Hydronephrosis in humans is caused by congenital diseases [19], stones [4, 14, 22], and chronic 
infections [3], with congenital causes being the most common in children [13]. In cattle, there have been reports of infection in adult 
cattle [12] and urinary tract obstruction due to urinary stones [1] or polyps [26] in the urethra; however, there have been no such 
reports in calves less than one month old.

For the treatment of human hydronephrosis, surgical intervention is generally reserved for cases with signs of obstructive damage, 
and the type of surgery is determined according to the anatomical and functional status of the renal unit [6, 15, 24].

This paper describes the diagnosis, treatment, and prognosis of hydronephrosis in a calf, caused by congenital obstruction of the 
intrarenal ureter, and the results of the hemodynamics and biochemical tests after nephrectomy.

A female Japanese Black calf presented with mild distension of the lower abdomen at the age of 23 days. Ultrasonography performed 
by the referral veterinarian revealed a large mass with fluid retention in the right abdominal cavity, extending from the right lower 
flank to the liver. Over the following few days, the mass gradually increased in size; therefore, the calf was referred to the Miyazaki 
University Veterinary Teaching Hospital for advanced examination, diagnosis, and treatment.

On admission, the calf aged 36 days and weighed 42 kg. The calf’s heart rate, respiratory rate, and rectal temperature were 104 
beats/min, 40 breaths/min, and 39.1°C, respectively. Although respiration was a little rapid, the general condition was good. The 
right and left lower abdomen were distended with a pear-shaped appearance, and a mass in the right abdominal cavity was identified 
by bimanual extra abdominal palpation.

The complete blood test results were within normal limits, with a white blood cell count of 6,600 cells/μL, red blood cell count of 973 
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× 104 cells/μL, platelet count of 70.0 × 104 cells/μL, hemoglobin 
level of 10.2 g/dL, and hematocrit value of 33.4%. Additionally, 
the BUN and Cre concentrations were within the reference range, 
at 12.6 mg/dL and 0.83 mg/dL, respectively.

Abdominal ultrasonography utilizing a 7.5-MHz linear probe 
(APLIO ARTIDA SSH-880CV; CANON Medical Systems Co., 
Ltd., Ootawara, Japan) confirmed a single large mass measuring 
approximately 26 × 20 cm in size, located in the right abdominal 
cavity containing moderately echogenic fluid (Fig. 1A) and some 
fibrin-like material at the border of the normally appearing tissue 
of the right kidney (Fig. 1B).

Computed tomography (CT) was performed to obtain 
detailed information about the mass. Xylazine hydrochloride at 
a concentration of 2% (0.2 mg/kg, Selactar; Elanco Japan K.K., 
Tokyo, Japan) was intravenously administered to sedate the calf, 
and CT was performed using a helical 16-row multi-detector CT 
system (Aquilion Lightning TSX-035A; Canon Medical Systems 
Inc.). The CT parameters were set as follows: tube voltage, 120 
kV; tube current, 200 mA; tube rotation time, 0.5 sec/rotation; and 
slice thickness, 1.0 mm. Digital Imaging and Communications in 
Medicine data were sent to a viewer (Newton OsiriX; Newton-
Graphics, Sapporo, Japan) to measure the CT number and length 
of the lesion.

A portion of the right kidney and a contiguous cystic structure 
were observed on the plain CT image (Fig. 2A). Contrast-enhanced 
CT was then performed, using Iohexol (Iodine concentration 300 
mgI/mL, Omnipaque 300; Daiichi Sankyo, Tokyo, Japan). The 
contrast agent was administered intravenously to the patient at a 
rate of 2 mL/kg body weight, and images were taken immediately 
after administration and at 3 and 7 min later. After 7 min, a normal 
portion of the right kidney was contrasted, and no migration of 
contrast media was visible in the large (24.1 × 20.2 cm) mass, which 
was visible in both the transverse (Fig. 2B) and sagittal planes (Fig. 
2C). The CT value of the mass content was 10–13 HU, suggesting 
fluid retention. Additionally, the contrast media was visible in the 
right and left ureters extending from the kidney to the bladder, 
without signs of obstruction.

Based on the results of ultrasound and CT imaging, the patient was suspected to have developed hydronephrosis of half of the right 
kidney due to urine outflow obstruction.

Based on the age in months, we suspected congenital disease. In addition, an investigation of the mother, siblings, and half-siblings 
conceived using the same semen sample and unrelated cattle housed in the same ranch was performed. None of them had previously 
developed similar diseases. The calf was also tested for kidney-related IARS deficiency, Claudin-16 deficiency, Molybdopterin cofactor 
sulfurase deficiency, and Bartter syndrome type 1 genes, all of which showed negative results.

As the calf was in good general condition and blood test results were normal, a right nephrectomy was performed. The calf was 
fasted for 12 hr before surgery. Cefazolin sodium (5 mg/kg) and flunixin meglumine (2 mg/kg; Forvet50; MSD, Tokyo, Japan) were 
administered intravenously to prevent perioperative infection and for pain relief, respectively. Subsequently, the calf was sedated with 
an intravenous injection of xylazine hydrochloride (0.2 mg/kg) and positioned in the left lateral recumbency. Isoflurane (Isoflu; Zoetis 
Japan, Tokyo, Japan) was administered continuously at a concentration of 2% in oxygen to induce and maintain general anesthesia. 
For local anesthesia, procaine hydrochloride (Adsan; Riken Vets Pharma, Iruma, Japan) was injected subcutaneously around the 
incision line at the right paralumbar fossa.

A vertical skin incision of 20 cm in length was performed in the right paralumbar fossa at 2 cm caudal to the last rib, starting dorsally 
at 2 cm ventral to the lumbar transverse processes. The muscle layers and the peritoneum were then incised to open the abdomen, 
exposing the enlarged right kidney. The retroperitoneal area was accessed by dissecting the surrounding tissue (peritoneum and fat) 
with a vessel sealing device (LigaSureTM Smart Jaw; Medtronic plc, Dublin, Ireland). The trajectories of the posterior vena cava and 
the abdominal aorta were confirmed, and the right renal artery, renal vein, and ureter were dissected from the surrounding fatty tissue.

The renal artery and vein were each ligated approximately 1 cm apart, and the vessels transected in between. The right kidney was 
pulled out of the abdominal cavity through the incision. The ureter was ligated approximately 1 cm apart close to the attachment to the 
bladder and transected in between, followed by kidney removal. The renal artery, renal vein, and ureter were ligated using synthetic, 
absorbable, multifilament polyglycolic acid suture material (USP 3+4, Opepolyx; Alfresa Pharma, Osaka, Japan). The peritoneum 
and muscular layer were closed using Opepolyx (USP 3+4) in a continuous suture pattern. The subcutaneous tissue was closed with 

Fig. 1.	 Transabdominal ultrasound image from the right flank 
with a 7.5-MHz liner probe. A large mass filled with fluid 
extending from the right flank to the liver (asterisk; A) and 
fibrin-like material in the mass are visible (arrow; B).
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continuous sutures using polyglactin 910, a synthetic absorbable multifilament suture material (USP 0, Vicryl, Johnson & Johnson, 
Tokyo, Japan). The skin incision was closed with intradermal buried sutures using the same suture thread used for the subcutaneous 
tissue. Postoperatively, a compound drug containing 200,000 units of benzylpenicillin procaine and 250 mg of dihydrostreptomycin 
sulfate (0.05 mL/kg, Mycillin Sol; Meiji-Seika Pharma, Tokyo, Japan) was administered intramuscularly for 3 days. The calf recovered 
well from the surgical intervention and was discharged on postoperative day 3. At 28 months of age, which was more than 2 years 
after surgery, the animal was slaughtered along with a cow of similar age from the same farm.

Grossly, the resected right kidney measured 24 × 20 × 10 cm and weighed 2.8 kg (Fig. 3A). Approximately half of the kidney 
appeared normal macroscopically. The other half was markedly enlarged, with a massive fluid-filled cystic dilatation containing 2.3 
L of a dark reddish-purple fluid (Fig. 3B). The intrarenal ureter of the right kidney was extremely narrow at the transition from the 
normal to the affected part.

Fig. 2.	 On plain CT images in the transverse plane, a large mass (asterisk) with a cystic structure adjacent to the right kidney is 
observed (A). Contrast-enhanced CT image of the transverse plane (B) and sagittal plane (C). After contrast agent injection, the 
intrarenal ureters were depicted; the contrast agent did not enter the cyst, indicative of ureteral obstruction. The arrow indicates the 
intra-renal ureter. CT, computed tomography.

Fig. 3.	 The resected right kidney measured 24 × 20 × 10 cm and weighed 2.8 kg (A). Approximately half of the kidney had a gross 
normal structure, and the other half was greatly enlarged containing 2.3 L of dark reddish-purple fluid (B). Illustration of a cut 
surface of the removed kidney. The white arrow indicates fibrinonecrotic material in the kidney (C).
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Histological and bacteriological examinations using tissues 
obtained by renal biopsy under ultrasound examination may be useful 
to characterize renal disease in bovines [20]. Histological analysis of 
the excised kidney revealed severe atrophy in the renal parenchyma 
with dilated renal calyces. The renal cortex showed renal glomeruli 
and degenerated renal tubules with interstitial fibrosis; degenerated 
renal tubules and dilated lymphatic vessels were observed in the 
renal medulla, while the renal calyx was markedly dilated (Fig. 4). 
These findings support the diagnosis of hydronephrosis of half of 
the right kidney. Additionally, a large amount of necrotic debris 
composed of necrotic transitional epithelium and fibrin exudate, 
with neutrophil and plasma cell infiltration, was found within the 
cystic lesion. There was no undifferentiated mesenchyme in the 
right kidney. Furthermore, the remaining half of the right kidney 
did not show any cystic lesions. Bacterial growth was not detected 
in the preoperative urine sample cultures or fluid from the resected 
kidney.

The postoperative blood chemistry findings revealed that the 
BUN and Cre levels increased immediately after surgery, peaking 
on postoperative day 3 and then gradually decreasing until they 
reached preoperative levels on postoperative day 10 (Fig. 5). While 
BUN and Cre are commonly utilized to assess renal function through 
blood tests, they possess limited sensitivity in detecting minor renal 
damage and typically do not deviate from reference values unless 
the condition has significantly deteriorated [17, 28]. This is because 
in unilateral kidney disease or incomplete urinary retention, the 
unaffected kidney can compensate for the damaged one.

In the present case, the left kidney was morphologically normal, 
and the right kidney maintained a partially normal morphology. The 
preoperative BUN and Cre levels were within the normal range, 
presumably because the renal injury was not severe. Following 
nephrectomy, the remaining kidney was temporarily overloaded, 
and BUN and Cre concentrations peaked on postoperative day 3 
before decreasing to normal values, due to compensatory function. 
The concentrations reverted to preoperative levels on day 10 after 
nephrectomy, indicating that immediate postoperative blood tests may not be suitable for assessing residual renal function after 
nephrectomy.

Hydronephrosis is a dilatation of the renal pelvis and calyces associated with progressive atrophy and cystic enlargement of the 
kidney [18]. In our case, half of the right kidney was significantly enlarged as a massive fluid-filled cystic dilatation. Microscopically, 

Fig. 4.	 Hydronephrosis in a Japanese black calf. (A) Atrophied renal parenchyma (double head arrow) and a dilated renal calyx (asterisk). 
Hematoxylin and eosin (H&E) stain (bar; 2.5 mm). (B) At high magnification, atrophied renal parenchyma showed renal glomeruli 
(arrows) and degenerated renal tubules with interstitial fibrosis. Hematoxylin and eosin stain (bar; 250 µm).

Fig. 5.	 Line diagram representing perioperative levels of 
blood urea nitrogen (BUN) and blood creatinine (Cre). 
operation=nephrectomy.
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this half revealed severe atrophy in the renal parenchyma, with markedly dilated renal calyces. Macroscopic and microscopic findings 
in our case support the diagnosis of hydronephrosis. Hydronephrosis has been previously described in a calf, where half of the 
kidney was hydronephrotic, as a massive fluid-filled cystic dilatation. Microscopically, it showed severe atrophy of the cortex and 
medulla [2], similar to what was observed in the present case. Hydronephrosis should be differentiated from other cystic renal 
diseases including multicystic renal dysplasia, polycystic kidney disease (PKD), and simple renal cysts (SRCs), which should be 
considered in the differential diagnosis [18]. Multicystic renal dysplasia is a variant of renal dysplasia in which a dysplastic kidney 
shows typical features of dysplasia with large cysts [27, 29]. PKD is characterized by numerous fluid-filled small cysts throughout 
the cortex and medulla, making it difficult to distinguish between the cortex and medulla both grossly and microscopically [18, 21, 
25]. SRCs, which are usually incidental findings, arise from the surface of the kidney and may compress the adjacent cortex [9, 18]. 
SRCs are lined with a single cuboidal or flattened epithelial layer, and atrophic epithelial layers also can be occasionally observed 
[9]. In the present case, the hydronephrotic half of the right kidney did not show undifferentiated mesenchyme. In addition, neither 
undifferentiated mesenchyme nor cystic lesions were identified in the remaining half of the right kidney. These findings exclude the 
diagnoses of multicystic renal dysplasia or PKD. Based on these findings, polycystic renal dysplasia and PKD were excluded, and 
hydronephrosis was diagnosed instead.

The prognosis of hydronephrosis depends on whether it is bilateral, on the completeness of the obstruction, and on other 
complications of the obstruction, with unilateral cases being an indication for surgical intervention [18]. In humans, congenital 
hydronephrosis is generally bilateral, and therefore, surgical treatment is not considered [6, 15, 24]. In this case, the contralateral 
kidney was morphologically normal and had no potentially fatal hematologic burden; therefore, nephrectomy was performed, and 
the patient had a good outcome. BUN and Cre concentrations were temporarily elevated postoperatively but recovered to baseline 
levels by day 10.

In bovine hydronephrosis, nephrectomy may provide a favorable prognosis if one kidney is intact. Moreover, this case suggests 
that blood tests immediately after surgery are not suitable for evaluating residual kidneys.
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