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Abstract : An 11-year-old, 4.3 kg, mixed breed, intact female dog exhibiting vomiting and a reduced appetite was
presented. On physical examination, palpation of the right kidney elicited discomfort. Blood analysis revealed
leukocytosis with neutrophilia, and elevation of alkaline phosphatase and blood urea nitrogen. Escherichia coli was
detected in urine culture, whereas urine analysis showed absence of glucose. Radiography and ultrasonography suggested
that there was gas in the right renal parenchyma, and computed tomography was performed while the dog was awake
to investigate the suspected gas in the right kidney. After unilateral ureteronephrectomy, a histological diagnosis of
right emphysematous pyelonephritis (EPN) was made. EPN refers to a severe necrotizing infection of the renal
parenchyma with gas accumulation in the tissue. It is rare in both human and veterinary medicine, and almost all
EPN patients have uncontrolled diabetes mellitus. This case report describes the imaging-based diagnosis of a rare

occurrence of unilateral EPN in a non-diabetic dog.
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Introduction

Emphysematous pyelonephritis (EPN) is a severe necrotiz-
ing infection of the renal parenchyma involving gas accumu-
lation in the renal parenchyma, collecting system, or
perinephric tissue (7). In human medicine, women are more
likely to be affected by EPN, but no sex predisposition has
been reported in the veterinary literature (12,17). Clinical
signs are comparable to those of other types of pyelonephri-
tis, including fever, pyuria, and flank pain (5). Reported mor-
tality rates have decreased since the 1970s, and are currently
approximately 13.5% in humans (14). Ureteronephrectomy
and percutaneous drainage have been the recommended treat-
ments (4).

In both human and veterinary medicine, most EPN patients
have uncontrolled diabetes mellitus (DM) as an underlying
disease, and EPN is evidently rare in patients without DM
(1,3,8). While DM is the most commonly associated comor-
bidity, the pathogenesis of EPN is not fully understood.
Severe necrotizing infection and impaired vascular supply
are characteristic features of EPN (7). Impaired tissue and
vascular responses enable organisms capable of producing
carbon dioxide to use the necrotic tissue as a substrate for gas
generation. Local factors (diabetic glomerulopathy due to
high tissue glucose level, urinary obstruction) and systemic
factors (infection with gas-forming bacteria such as Esche-
richia coli, immunosuppressive diseases) lead to tissue and
vascular damage (3,16). An impaired host response is a rea-
sonable explanation for EPN even in patients without DM or
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evidence of infection (16).

In previous veterinary reports, EPN was diagnosed via
radiological depictions of gas superimposed over both kid-
neys, multiple round to linear gas opacities within mildly
enlarged renal silhouettes, and/or multifocal gas lucencies in
the region of the kidney (3,6,8). On ultrasonography, multi-
ple hyperechoic foci with reverberation artifact in the renal
cortices, and gas at the corticomedullary junction with severe
hydronephrosis have been reported (3,6,8). Imaging modali-
ties such as radiography, ultrasonography, and computed
tomography (CT) are essential for the diagnosis of EPN (19).
EPN can be diagnosed when an abnormal radiolucent area in
renal or perinephric tissue is detected via plain radiography
and/or ultrasonography. Other organs normally containing
gas such as the intestine can be superimposed over the kid-
ney on radiography. On ultrasonography, intestinal gas can
cause acoustic shadow and reverberation artifacts. Notably,
however, in a systematic review, abdominal radiography
findings were found to be accurate in only 69% of cases, and
ultrasound findings in 65% (14). In contrast, the sensitivity
and specificity of CT with regard to identifying gas patterns
is reportedly almost 100% (1,4). Accordingly, CT has been
recommended as the imaging modality of choice for the early
diagnosis of EPN (6,18).

Herein we describe the imaging diagnosis of a case of EPN
in a non-diabetic dog via radiography, ultrasonography, and
CT performed while the dog was awake.

Case Report

An 1l1-year-old, 4.3 kg, mixed breed, intact female dog
was presented exhibiting vomiting, diarrhea, and anorexia.
Abnormalities detected via physical examination included
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Fig 1. A, B. Right lateral and ventrodorsal abdominal radio-
graphs. Abdominal radiographs shows free gas (arrows) within
the right kidney and calculi (arrowheads) in the right ureter. The
kidneys are of normal size and shape. C. Sagittal ultrasono-
graphic image of the right kidney. Multiple reverberation arti-
facts are present (arrows). D. Sagittal ultrasonographic image of
the right urethra. Proximal urethral calculi of approximately 0.7
cm are seen, in addition to acoustic shadowing (arrows). E, F.
Transverse and sagittal computed tomography images. Com-
puted tomography reveals the accumulation of gas within the
parenchyma of the right kidney (asterisk).

7% dehydration, and pain on palpation of the right kidney. A
complete blood count revealed leukocytosis (20.8 x 10*/uL,
reference interval [RI] 5.0-16.7 x 10*/uL) with neutrophilia
(13.2 x 10°%/uL, RI 2.9-11.6 x 10°/uL), and lymphocytosis
(6.53 x 10%/uL, RI 1-5 x 10*/puL) and thrombocytopenia (86 x
10°/uL, RI 148-484 x 10°/uL) were detected. The serum bio-
chemical profile included elevated alkaline phosphatase (749
U/L, RI 23-212 U/L), blood urea nitrogen (48 mg, RI 7--27
mg), and phosphorus (11.1 mg, RI 2.5-6.8 mg).

Right lateral and ventrodorsal abdominal radiographs
depicted multifocal gas lucencies in the region of the right
kidney, and calculi in the right ureter and right renal paren-
chyma (Fig 1A and 1B). The gas lucencies needed to be dif-
ferentiated from focal intestinal dilation, and abdominal
ultrasonography revealed a smooth and hyperechoic inter-
face with mild reverberation artifact on the right kidney (Fig
1C). Calculi were observed in the right proximal ureter (Fig
1D). The bladder wall was slightly thickened and a focal gas-
containing dilation of the small intestine was not observed.
To confirm the suspected gas indicated by radiography and

Fig 2. A. Right kidney and ureter. Pathological examination of
the kidney reveals features of abscess formation (asterisk) and
two calculi in the ureter (arrow). B. Cortex of the right kidney.
As inflammation extends into the cortex, it effaces the intersti-
tium multifocally. Inflammatory infiltrates predominantly con-
sist of neutrophils mixed with foamy macrophages, numerous
components associated with hemorrhage, and cellular debris.
There are numerous reactive fibroblasts. Hematoxylin and eosin
stain, bar = 50 pum.

ultrasonography, pre-contrast CT using a 16-channel multi-
detector (Alexion, Toshiba; Otawara, Japan) was performed
while the dog was awake (without anesthesia or sedation).
Gas and micro-calculi were identified in renal parenchyma
with surrounding fatty stranding, and renal pelvic dilation
and proximal ureter dilation due to two ureteral calculi were
apparent.

Urine was sampled under ultrasound guidance, and uri-
nary analysis revealed a specific gravity of 1.023, hemoglo-
binuria, urobilinogen, proteinuria, and leukocytes. No red
blood cells or glucose were observed, but rod-shaped bacte-
ria were detected. Urine culture yielded E. coli that were sus-
ceptible to enrofloxacin and cephalothin.

EPN was suspected based on the above imaging findings
and urinalysis, and unilateral ureteronephrectomy was per-
formed under general anesthesia. Gross examination of the
removed kidney revealed abscess formation and two calculi
in the ureter (Fig 2A). Histological examinations showed that
the architecture of the kidney was extensively distorted by a
marked, coalescing inflammatory infiltrate (Fig 2B). The
infiltrate was most severe in the renal pelvis, and inflamma-
tion extended into the cortex. A bacterial etiology was strongly
suspected. There was severe pyelonephritis and inflamma-
tion in the ureter, with focal ulceration.

The dog was hospitalized for the subsequent 4 days, during
which it was treated with the antibiotic enrofloxacin. At a
follow-up examination 2 weeks postoperatively, there were
no clinical symptoms. At the 1-year follow-up, no specific
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changes were observed.

Discussion

In humans, diagnostic imaging tools must be used to con-
firm the presence of gas in the renal parenchyma, because the
clinical signs and laboratory findings associated with the con-
dition are similar to those associated with renal sepsis (19). A
three-stage classification system has been applied in humans
based on plain radiographic characteristics. Stage I is charac-
terized by gas in the renal parenchyma or perinephric tissue,
stage II by gas in the kidney and its surroundings, and stage
111 by extension of gas through the fascia or bilateral disease.
However, it can be difficult to distinguish a necrotic gas-filled
area from gas in the bowel or gas from acoustic shadowing
due to calculi, via radiography (7). The dog in the present
case was considered to be stage I, but it was necessary to dis-
tinguish its condition from intestinal gas accumulation.

In 1996, Wan et al. described two types of EPN based on
CT parameters (20). Type I is characterized by renal paren-
chymal destruction with gas but no fluid, and type II by renal
parenchymal or peri-renal parenchymal destruction with gas
and fluid. In 2000, Huang ef al. (4). described a series of
classes of EPN based on CT findings. Class 1 is character-
ized by gas in the collecting system only, class 2 by gas in
the renal parenchyma only, class 3A by extension of gas or
abscess to the perinephric space, class 3B by extension of gas
or abscess to the para-renal space, and class 4 by bilateral
EPN or solitary kidney with EPN. Such classification sys-
tems assist in the determination of treatment strategies (4,19).

In the present case, we had to perform CT for the diagno-
sis of EPN and determination of the optimal treatment strat-
egy. Gas was identified in the renal parenchyma, and the
dog’s condition was classified as class 2 according to the
classification system described by Huang et al. (4). A ten-
dency toward increasing mortality from class 1 to class 4
EPN has been reported (4). In humans, mortality rates of
approximately 10% have been suggested, and systolic blood
pressure <90 mmHg, unconsciousness, high creatinine level,
thrombocytopenia, bilaterality, and medical treatment alone
are evidently associated with a higher risk of mortality
(2,14). Mortality rates and prognostic factors in veterinary
patients are unknown. The dog in the present case was class
2 and only exhibited one risk factor (thrombocytopenia).

Due to the risks associated with anesthesia, CT was per-
formed while the dog was awake. General anesthesia is usu-
ally essential in small animals undergoing CT, but it can be
risky in substantially compromised patients (10). There have
been reports on successful CT in awake dogs and cats for the
evaluation of upper airway disease, intrathoracic disease, and
acute abdominal symptoms (9,10,11,13,15). The present case
suggests that CT can be performed in the awake state in dogs
for the diagnosis of EPN.

Conclusion

Unilateral EPN rarely occurs in dogs without DM. In dogs,
CT evaluation in the awake state can be used in conjunction
with radiography and ultrasonography to obtain a more

detailed diagnosis, determine an appropriate choice of treat-
ment, and predict the prognosis.
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