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Abstract — This retrospective study investigated predisposing factors and ultrasound features in dogs 

(n = 36) and cats (n = 2) with emphysematous cystitis (EC). Urinary tract infection was present in 25 

patients (65.8%), impaired immune system in 10 (26.3%), bladder stones in 9 (23.7%) and neurologic 

bladder in 7 (18.4%). Diabetes mellitus was present in only 4 patients (10.5%). Most patients had 

positive urine culture (n = 35; 92.1%), with elevated concentration of Escherichia coli in 25 patients 

(71.4%). The most common ultrasound features were diffuse thickening of the urinary bladder (n = 15; 

39.5%), polyps (n = 9; 23.7%), and focal thickening (n = 4; 10.5%). In 13 patients (34.2%) the bladder 

wall was not assessable, due to excessive bladder gas. Bladder gas was mostly identified in the lumen 

(n = 18; 47.4%), followed by the bladder wall (n = 11; 28.9%), and wall and lumen (n = 9; 23.7%).  

Introduction  

Emphysematous cystitis (EC) is a rare disease in both human and veterinary patients, which is 

characterized by the pres- ence of gas within the urinary bladder wall, bladder lumen, or both (1,2). 

Diagnostic imaging, such as ultrasonographic and radiographic examination of the urinary tract, is 

pivotal for a definitive diagnosis of EC. Small amounts of gas may be difficult to identify 

radiographically, especially when intestinal loops are superimposed on the urinary bladder. 

Ultrasonography is considered more sensitive than radiology to detect early stages of EC (3). Although 

the pathogenesis is not well-understood, the com- bination of high tissue glucose levels and impaired 

immune system has been suggested to facilitate infections with glucose- fermenting bacteria or yeast. 

Fermentation of glucose and albu- min leads to formation of H2 and CO2 gas within the lumen and 

mucosa of the urinary tract (1). Historically, EC has been reported mainly in diabetic dogs, as a 

consequence of a combination of infection with glucose-fermenting bacteria and impaired immune 

system (1). In a recent review of 27 dogs with EC, diabetes mellitus was present in 33% of dogs (4). In 

cats, EC was diagnosed in association with diabetes in 1 cat (2) and with urinary tract infection in 

another cat (3). In human medicine, non-diabetic cases of EC have been reported mostly in elderly and 

debilitated patients, in association with urinary tract obstructions, structural abnormalities of the 



bladder, prolonged use of indwelling uri- nary catheters, and long-term therapy with glucocorticoids 

(5). In non-glycosuric veterinary patients, EC has been reported in association with chronic urinary 

tract infections, bladder trigone diverticulum, and long-term administration of steroids (3,6). The aim 

of the present retrospective study was to investigate predisposing factors and ultrasound features in 

dogs (n = 36) and cats (n = 2) with naturally acquired EC.  

Materials and methods  

Records of client-owned dogs and cats of various breeds, gender, ages, and weights, referred to the 

Mario Modenato Veterinary Teaching Hospital, between December 2010 and December 2016, with an 

ultrasonographic diagnosis of EC were reviewed. For each dog, data regarding history, results of 

biochemical analyses and urinalysis, urine culture for aerobic and anaerobic agents, abdominal 

ultrasound, and abdominal radiography in right lateral projection were collected from the medical 

record. Only patients with complete history, biochemical profile, uri- nalysis, urine culture, and 

abdominal ultrasound consistent with EC were eligible for the study. The ultrasonographic evidence of 

gas within the urinary bladder wall, bladder lumen, or both was considered suggestive of EC. Medical 

records of patients which received urinary catheterization 24 to 48 h before imaging and had free gas in 

the bladder lumen as the only urologic alteration were excluded from the study. In these cases, free gas 

in the blad- der lumen was likely iatrogenic. Medical records were reviewed for co-morbidities 

(diabetes mellitus, chronic urinary tract infections, immunosuppression, neurological bladder, bladder 

stones), symptoms and physical examination findings [abdomi- nal pain, nausea, vomiting, fever, 

hematuria, pneumaturia, pol- lakiuria, stranguria, urinary incontinence, polyuria/polydipsia (PU/PD)], 

laboratory findings (bacteriuria, positive urine culture, leukocyturia, hematuria, leucocytosis, serum 

creatinine . 123.8 mmol/L, hyperglycemia, glycosuria), and imaging find- ings. Data regarding 

ultrasound appearance and stratigraphy of the urinary bladder, appearance of urinary content, and 

localiza- tion of gas were recorded for each patient. Ultrasonography was performed using a Toshiba 

Aplio 400 (Canon Medical Systems Europe B.V., Zoetermeer, The Netherlands), with a 7.5 MHz 

microconvex probe and a 12 MHz linear probe, with patients in lateral recumbency or in a standing 

position. The D’Agostino and Pearson normality test was used to test data for normality using 

Graphpad Prism 4 (Graph Pad, San Diego, California, USA).  

Results  

Of 40 dogs and 2 cats diagnosed with EC between December 2010 and December 2016, 36 dogs and 2 



cats met the inclusion criteria. Four dogs were excluded from review for incomplete medical record. 

Dogs were represented by the following breeds: mixed breed (n = 12), Epagneul Breton (n = 3), 2 each 

of boxer, golden retriever, English setter, and 1 each of schnauzer, cocker spaniel, doberman, rough fox 

terrier, Pomeranian, American Staffordshire, border collie, shepherd Maremma, chow chow, 

greyhound, pitbull, Rottweiler, Maltese, Labrador retriever, and German hound. Dogs had a mean age 

of 9.5 6 3.3 y, a mean body weight of 20.5 6 2.4 kg. Twenty dogs were female and 16 were male. Both 

cats were castrated male domestic shorthairs. The cats were 10 y old and 3 y old and had body weights 

of 4.5 kg and 6 kg, respectively. Clinical, laboratory, and ultraso- nographic findings at time of 

diagnosis are reported in Table 1. In this cohort of patients EC was always associated with co-

morbidities. In 19 patients (50%), EC was associated with only 1 co-morbidity, while in the others 

there were 2 or more co-morbidities. The most prevalent co-morbidity was chronic urinary tract 

infection (n = 25; 65.8%), followed by impaired immune system (n = 10; 26.3%), bladder stones (n = 

9; 23.7%), and neurologic bladder (n = 7; 18.4%). Diabetes mellitus was present in only 4 patients 

(10.5%). Of the 10 patients with impaired immune system, 3 dogs had Cushing’s disease, 2 dogs were 

on chemotherapy, 1 dog was on long-term glucocorticoids, and 4 dogs had chronic kidney disease 

(CKD). Both cats had a history of repeated urinary catheterization due to recurrent episodes of urethral 

obstruction over the previous 4 to 5 mo. All 7 dogs with neurologic bladder had a history of at least 1 

urinary catheterization over the previous 4 to 5 mo. The most prevalent clinical sign was hematuria (n 

= 17; 44.7%), followed by pollakiuria (n = 5; 13.1%), urinary incon- tinence (n = 4; 10.5%), PU/PD (n 

= 4; 10.5%), stranguria (n = 3; 7.9%), vomiting (n = 3; 7.9%). Pneumaturia, fever, nausea, and 

abdominal pain were found in 1 patient (2.6%). Urine culture isolates of the 35 patients with positive 

urine culture are reported in Table 2. Four patients with Escherichia coli infection and 1 patient with 

Klebsiella pneumoniae had multi-drug resistant infections. Isolates from all other patients showed 

susceptibility to the main classes of antibiotics. Three patients had negative urine culture and had been 

on antibiotics at the time ultrasound examination was performed. Ultrasound of the urinary system 

showed a series of subtle hyperechomic stripes, very close to each other, almost fused, in the thickness 

of the wall, which were attenuated by the increase in depth; this was attributed to a reverberation 

artifact, typical of gas. If the gas was in the lumen, the intraluminal hyperechoic specks were mobile 

and shifted to a nondependent location with postural changes. Dogs with air in the bladder lumen (n = 

18) showed at least 1 abnormality of the bladder content and blad- der wall associated with free 

intraluminal gas. Hyperechoic bladder content was present in 18/18 dogs, diffuse bladder wall 

thickening in 11/18, focal bladder wall thickening in 1/18, and bladder polyps in 6/18. Among 5 dogs 



with ultrasonographic signs of prostatitis, 1 dog showed gas within the prostate gland (Figure 1). One 

dog showed ultrasonographic signs of bilateral emphysematous pyelonephritis (Figure 2). Three dogs 

with a large amount of gas in the bladder wall and classified as not assessable (NA) showed bladder 

polyps at the following ultrasound (3 to 4 d later). Abdominal radiographs were available for 5/38 

patients. Abdominal radiographs showed roundish small areas of increased radiolucency, with an 

aspect defined as “cobblestoned,” demonstrating the gas localization at the wall of the bladder (Figure 

3). Four patients showed radiologic signs consistent with EC, while 1 patient showed no radiologic 

abnormalities of the urinary system.  

Discussion  

In our study, EC did not seem to have any gender predisposition as similar prevalences were found for 

males and females. By con- trast, in diabetic humans EC occurs 2.2 times more frequently in females 

than males (7). In humans, EC is more often observed in elderly diabetic women between 60 and 70 y 

old (2). The higher prevalence of EC in women is suggested to result from the higher incidence of 

urinary tract infections (UTI) (7). The mean age of affected dogs was 9.5 y. This may reflect a higher 

prevalence of the disease in middle- to old-aged dogs, similar to humans. Emphysematous cystitis is a 

form of complicated UTI (8) and it is plausible that older dogs are more likely to have co-morbidities, 

such as hyperadrenocorticism and chronic kidney disease (9,10), which may predispose them to UTI. 

Diabetes mellitus is the strongest risk factor for EC in humans; approximately 70% of human patients 

with EC have diabetes, which is often poorly controlled. Elevated concentra- tions of urinary glucose 

represent an ideal substrate for bacterial fermentation and gas production (8). In humans, the 

prevalence of diabetes mellitus among patients affected by EC is signifi- cantly higher than that found 

in the general population (62.2% versus 8.6%) (11). However, diabetes mellitus was present in only 

10.5% of patients in our population of dogs. This per- centage was markedly lower than the 33% 

previously reported in dogs by Merkel et al (8). In our population, EC was always associated with at 

least 1 co-morbidity. Similarly, co-morbid diseases were found in all but 1 case reported by Merkel et 

al (8). In our study, chronic UTI and impaired immune system were the most prevalent co-morbidities, 

with prevalences of 65.7% and 31.5%, respectively. This is not surprising considering that EC may 

result as a complication of a chronic UTI. It is there- fore plausible that pathological conditions causing 

impairment of the immune system may predispose patients to develop EC. Impairment of host defence 

mechanism is probably the most sig- nificant factor predisposing the patient to recurrent complicated 

UTI (12). It is likely that patients in our study, with a history of chronic UTI, developed EC because of 



a disorder in their immune system. However, the lack of a well-documented history before presentation 

to our hospital makes it impossible to verify our hypothesis. In our study EC seems to occur in 

combination with conditions of immunological host defence impairment. Among the causes of 

impaired immune system, chronic kidney disease (CKD) played an important role, as it affected over 

half of the patients (6/10). Uremic toxin retention, malnutrition, and chronic inflammation have been 

proven to cause impair- ment of the immune system in humans (13). Therefore, CKD might predispose 

our patients to develop EC. Also, impairment of the immune system is a possible predisposing factor 

for EC in the 3 patients with hyperadrenocorticism and in the dog on long-term therapy with steroids. A 

similar mechanism has also been hypothesized for the 2 dogs of our cohort, which were on 

chemotherapy. Emphysematous cystitis has, in fact, been found in association with prolonged 

chemotherapy in a non-diabetic dog (5). Most patients (92.1%) had positive urine culture at the time of 

examination. Escherichia coli was responsible for . 70% of UTIs. Similarly, in human EC E. coli was 

involved in approxi- mately 60% of UTIs, with E. coli and K. pneumoniae being the major organisms 

isolated in urine cultures. Both bacteria ferment glucose and lactate to produce gases, such as carbon 

dioxide, nitrogen, hydrogen, and oxygen (8). In our patients, bacterial species other than E. coli were 

markedly less frequent, with 8.6% Proteus mirabilis, Enterococcus faecalis, and Staphyloccus aureus, 

and 2.8% K. pneumoniae. Human data reported a prevalence of Proteus infections in EC of 5% to 8%, 

while infections with Enterococcus and Staphylococcus tended to be rare (9). Infections with non-gas-

producing agents, such as Enterococcus, may be the result of mixed infections (14). This observation 

seems to reflect our findings, in which the 3 patients with E. faecalis infection were also positive for K. 

pneumoniae. We hypothesized that the finding of negative urine culture in 3 patients was due to anti- 

biotic treatment, which had been started before presentation to our center. Unfortunately, no urine 

culture was run at time of diagnosis by the referring veterinarian. As there was a relatively low number 

of diabetic and/or gly- cosuric patients in our cohort, it is likely that fermentation path- ways other than 

glucose were involved. In non-diabetic patients, urinary lactose or tissue proteins have been 

hypothesized as substrate for gas formation (11). The low prevalence (13.1%) of glycosuria in our 

patients might reflect the low prevalence of diabetic subjects. However, it is also possible that the low 

prevalence of glycosuria reflects active glucose consumption by bacteria in the urine. As urinary 

bacteria can ferment glucose, glycosuria may be an inaccurate way to monitor glycemia in diabetic 

patients (13). In our study, EC seemed to be associated mostly with non- specific, mild, signs of lower 

urinary tract disease. This is similar to humans (11), in whom hematuria was a consistent finding: 

present in 44.7% of patients. Pollakiuria was present in 13.1% of patients, while stranguria was less 



common (7.8%). Urinary incontinence was found in 10.5% of patients and was associated with 

neurologic bladder. Pneumaturia is a highly specific sign, which was present in only 1 patient of our 

cohort. This finding is in agreement with human literature, in which pneumaturia is generally a rare 

patient complaint when a urinary catheter is not present. However, when bladder catheterization was 

used, the prevalence of pneumaturia increased to 70% (8). More severe signs of discomfort, such as 

abdominal pain, fever, and nausea were rarely seen in our patients. This finding differs significantly 

from that in human medicine, in which abdominal pain has been reported in more than 80% of patients 

(14). In agreement with a previous report (3), the bladder content was hyperechoic in most patients 

(76.3%). This is not surpris- ing, as many patients showed signs of inflammation of the urinary tract, 

such as bacteriuria and leukocyturia. The bladder wall was often diffusely thickened (39.4%) and 

showed focal thickening and bladder polyps (10.5% and 15.7%, respec- tively) less frequently. The 

bladder wall could not be assessed by ultrasound in 34.12% of patients, due to excessive free gas in the 

lumen, which made it difficult to evaluate the bladder wall and to diagnose bladder thickening or 

polyps. Therefore, the use of serial ultrasound evaluations should be encouraged to rule out bladder 

wall abnormalities. Interestingly, the preva- lence of gas location in our cohort differed from that 

reported by Merkel et al (8). Many patients (47.3%) showed free gas in the bladder lumen in our study, 

compared with 14.8% in the study by Merkel et al (8). As urinary catheterization was not done 

immediately before ultrasound, we hypothesized a massive production of gas or an advanced stage of 

the disease. In fact, gas tends to collect in small bubbles within the bladder wall and lumen. These 

vesicles coalesce and rupture as cystitis extends (3). Three radiographic stages of severity have been 

described for EC. Free gas in the bladder lumen is typical of a more advanced stage of EC in humans 

(15). The 2 cats in our study were nondiabetic patients with a history (at least 4 to 5 mo) of recurrent 

episodes of urethral obstruction and frequent catheterization. Both cats had a recent history of urethral 

catheterization for removal of urethral plugs 1 to 2 wk before presentation. Urinary stasis due to urine 

outlet obstruction or recurrent urethral catheterization might predis- pose these cats to EC. In 1 report, 

development of EC resulted from unblocking an obstructed urethra with a urinary catheter (16). Both 

urine cultures were positive for E. coli. Ultrasonography of the urinary tract is a more sensitive way of 

diagnosing EC, compared to radiology, due to the find- ing of pathognomonic artifacts (13). Limited 

volumes of gas, especially if intramural, may be difficult to be diagnosed or to be differentiated from 

intestinal gas by radiology. In our study, ultrasonography was confirmed to be a sensitive technique for 

diagnosing EC. Ultrasonography was also able to identify predisposing factors of UTI, such as polyps 

and stones, and to diagnose emphysematous involvement of other organs, such as kidneys and prostate.  



The present study has some limitations. Due to the retrospec- tive nature of the study, cases with 

missing or incomplete data were excluded. Although all patients had abdominal ultrasonog- raphy 

consistent with EC, radiography of the urinary tract was available in only 5 patients. Consequently, no 

comparison of sensitivity and specificity between ultrasonography and radiol- ogy was possible. As 

fungal cultures were not performed, we could not rule out mixed infections with yeasts. In our cohort 

of patients, EC seemed to occur more often in association with chronic UTIs and conditions of 

impaired immune system, rather than diabetes mellitus. In the 2 cats, EC occurred in connection with 

urethral unblocking and cath- eterization. This connection should be further investigated, and attention 

should be given to sterile catheterization, in order to prevent iatrogenic contamination of the bladder. 

Chronic cystitis and recurrent infections may represent a potential predisposing factor for EC. 

Emphysematous cystitis was characterized by mild to moderate clinical signs and was more often 

associated with lower urinary tract signs, such as hematuria and pollakiuria. Positive urine culture was 

a consistent finding in our patients, although negative cultures may occur as result of a recent anti- 

biotic course. Severe clinical signs and involvement of kidneys and prostate tended to be uncommon. 

Ultrasonography can be considered a pivotal technique in the diagnosis of veterinary EC. In patients 

with EC, serial abdominal ultrasounds should be encouraged to rule out bladder wall abnormalities.  
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Table 1. Clinical, laboratory, and ultrasonographic findings at time of diagnosis.  

 

 



 

Table 2. Urine isolates from 35 patients with positive urine culture.  

 

 

Figure 1. Ultrasonographic image of transverse (left) and longitudinal (right) sections of the prostate 

gland, showing hyperechoic foci (arrows), consistent with gas, in a dog with EC and prostatitis.  

 

Figure 2. Ultrasonographic image of a sagittal section of the left kidney, showing reverberation 

artifacts (arrow) within the renal parenchyma, consistent with gas in a dog with bilateral 

emphysematous pyelonephritis.  

 



 

Figure 3. Survey abdominal radiograph, showing mottled gas opacities (arrow) within the bladder wall 

and lumen of the bladder, in a dog with EC.  

 


