	TITLE OF CASE Do not include “a case report”

	Extension of Gas into the Abdominal Wall Secondary to Recurrent Coliform Emphysematous Cystitis in a Diabetic Dog


	SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)

	Emphysematous cystitis (EC) is a complicated lower urinary tract condition characterised by gas within the urinary bladder wall and lumen. It results from infection by gas producing microorganisms and has been reported in both diabetic and non-diabetic dogs and cats with variable presentation. There are two case reports from the medical literature documenting subcutaneous extension of gas in people with EC, but this finding has never been reported in a veterinary patient.  

In this case we identified abdominal wall emphysema as a complication of EC in a veterinary patient, secondary to recurrent urinary tract infection with E.coli in a 10 year-old neutered female border collie with diabetes mellitus.  Both radiography and ultrasonography were sensitive for the diagnosis of this condition and important in excluding retrograde extension of gas into the renal parenchyma.  



	BACKGROUND Why you think this case is important – why did you write it up?

	Emphysematous cystitis is a rare complication of lower urinary tract infections characterised by air within the bladder wall and lumen and first defined in humans as ‘cystitis emphysematosa,’by Bailey in 1961 1. It results from complicated urinary tract infection by gas producing microorganisms and in humans, middle-aged to elderly women with DM are overrepresented 2. 

Emphysematous cystitis was first reported as a post-mortem incidental finding in a dog by Hueper in 1925, who described gas filled vesicles within the bladder wall surrounded by inflammation and haemorrhage 3. Since then EC has been reported in both diabetic and non-diabetic dogs and cats 4–13. Clinical presentation is variable with 12/27 dogs in a recent study presenting with solely haematuria and a further eight presenting with no signs indicative of urinary tract disease 14. Other common clinical signs reported were stranguria, dysuria or pollakiuria, fetid urine, fever and abdominal pain 14. 

The pathophysiological mechanism remains to be fully elucidated but it is hypothesised that decreased immune function in conjunction with fermentation of urinary glucose in glycosuric patients and/or albumin in non-glycosuric patients results in formation of carbon dioxide within the lumen of the bladder 14,15. Impaired transport of fermentation products secondary to inflammation, coupled with gas bubbles expanding and coalescing has been postulated to disrupt blood supply and structural integrity to the bladder wall, leading to extension of gas into this tissue 14. In line with isolates from human patients in which E.coli is most prevalent (58%), organisms most frequently isolated from EC in dogs are E.coli, Enterococcus spp. Klebsiella pneumoniae and Proteus mirabilis but it is not fully understood why some organisms readily produce gas and others do not 2,14. 
Subcutaneous emphysema is a very rare complication of EC and has been reported on two occasions in the medical literature  but to the authors knowledge, it has never been reported in a veterinary patient 16,17.  


	CASE PRESENTATION Presenting features, clinical and environmental history

	A 10 year-old neutered female border collie initially presented to the authors’ institution with a 4-day history of progressive lethargy, vomiting and pyrexia. She had a history of recurrent urinary tract infections. She had been diagnosed with diabetes mellitus (DM) 3 months prior to presentation for which she was receiving subcutaneous injections of lente insulin twice daily. Her diabetes was poorly controlled with four recent episodes of clinical hypoglycemia and persistent hyperglycemia on blood glucose curves. 

On clinical examination the dog was obtunded, approximately 10% dehydrated and tachycardic with a heart rate of 200 bpm. Thoracic auscultation was normal but there was notable resentment to deep cranial abdominal palpation. The dog was pyrexic (40.1oC) and had bilateral mature cataracts. The remainder of the clinical examination was normal. 



	INVESTIGATIONS If relevant

	Haematology and biochemistry at this time showed normocytic, normochromic, non-regenerative anemia (RBC 4.79 x 1012/L (5.65-8.87), HCT 0.30 L/L (0.37-0.62), HGB 10.9g/dL (13.1-20.5)), mature neutrophilia (22.3 x 109/L (2.9-11.6)), hyperglycemia (19.8 mmol/L (3.9 – 7.9 mmol/L)), increased alkaline phosphatase (617 U/L(23-212)) and increased amylase (>2500 U/L (500-1500)) and lipase (5896 U/L (200-1800)). Blood glucose was 24.7 mmol/L using an Alphatrak glucometer *. 

Thoracic radiographs were normal. On abdominal radiography, a thin curvilinear radiolucent gas opacity was noted within the cranioventral part of the bladder wall, consistent with emphysematous cystitis (EC). There was mild hepatomegaly and loss of serosal detail in the craniodorsal abdominal quadrant. (Figure 1). Considering the history, the loss of serosal detail was attributed to composite shadow although a regional steatitis due to acute pancreatitis or a small volume of peritoneal effusion was considered but thought less likely.
Abdominal ultrasound confirmed multiple gas foci within the bladder wall, consistent with EC (Figure 2). Mild pyelectasia and thickening of the ureteral wall, worse on the right compared with left kidney, was also present (Figure 2). The periureteral & perihilar fat was hyperechoic and a small thrombus was noted in the right renal vein (Figure 2). There was no evidence of gas within the renal parenchyma, collecting system or perirenal tissues. 

Urinalysis revealed glycosuria and pyuria and a culture of hemolytic E.coli sensitive to multiple antibiotics. A diagnosis of EC with suspected bilateral pyelonephritis and ureteritis was made.



	DIFFERENTIAL DIAGNOSIS If relevant

	


	TREATMENT If relevant 

	The dog responded positively to fluid resuscitation with Hartmanns solution at 4ml/kg/hr. Medical management with lente insulin [6IU SC q12h], amoxicillin/clavulanic acid [20 mg/kg PO q12h], clopidogrel [2 mg/kg PO q24h] and paracetamol [6.75 mg/kg PO q12h] was pursued. A continuous interstitial glucose monitoring device (Freestyle Libre**) was placed to assist with glucose monitoring during hospitalization over the following days and a treatment protocol revised depending on the outcome of initial hourly blood glucose measurements. The patient was discharged on day 6 with a 4-week course of clopidogrel [2mg/kg PO q24h], a 6-week course of amoxicillin/clavulanic acid [20mg/kg PO q12h] and a 10 day course of paracetamol [6.75 mg/kg PO q12h).


	OUTCOME AND FOLLOW-UP  

	At re-examination on day 28, the owner reported the dog to be well at home with a stable weight and appetite and physical examination was unremarkable. Neither polyuria/polydipsia nor signs of lower urinary tract disease were witnessed. Blood glucose curves performed by the owner at home showed a glucose nadir of 8.0 mmol/L, six hours post insulin injection.  Repeat imaging documented resolution of the emphysematous cystitis, but moderate bladder wall thickening and improvement in the sonographic appearance of the kidneys. 

On day 56, the dog was re-presented following an episode of severe hyperglycemia (> 40 mmol/L) documented on pre-anesthetic bloods prior to cataract surgery at another practice. At this time, she was clinically normal at home, had completed courses of antibiosis and antithrombotic medication and demonstrated no signs of lower urinary tract disease. Physical examination and hematology were normal but free catch urinalysis revealed glycosuria and pyuria. Given the poor diabetic control, the dose of insulin was increased to 7IU twice daily and the patient discharged with a fitted FreeStyle Libre for further continuous assessment of the glucose by the owner at home. Further assessments of the results from the owner documented stable diabetic control. 
The dog returned on day 63 for repeat imaging and cystocentesis. A blood glucose curve performed 2 days prior to presentation revealed adequate control and a glucose nadir of 4.4 mmol/L 6 hours after insulin administration. On repeat abdominal radiography there was a large volume of emphysema located primarily ventrally and to the left of the caudal abdomen. There was a large volume of gas within the bladder wall and lumen. (Figure 3) No evidence of gas was seen within the kidneys. 

Abdominal ultrasonography confirmed these findings, clarifying the location of the gas within the abdominal wall and documenting a stable sonographic appearance of the kidneys, resolution of the thrombus and no evidence of renal emphysema. (Figure 4)
Urine culture revealed heavy growth of hemolytic E.coli and given the lack of response to amoxicillin/clavulanic acid, therapy was switched to marbofloxacin [2 mg/kg PO q24h] for 4weeks, in line with the current ISCAID guidelines and with a view to repeat cystocentesis prior to cessation of treatment and again 7-10 days after cessation of treatment 18. The results of the culture and sensitivity are outlined below for interest. (Figure 5)
The patient presented on day 102, clinically and ultrasonographically normal and still receiving marbofloxacin therapy. Urine culture via cystocentesis revealed no bacterial growth. Medical management of the DM is ongoing.


	DISCUSSION Include a very brief review of similar published cases 

	To the authors’ knowledge, this is the first report of subcutaneous extension of EC in a veterinary patient. Only 2 cases are reported in the human medical literature 16,17. The first of these postulates spread of perivesicular gas from the bladder wall into the retroperitoneal and paravertebral tissues, into the posterior mediastinum, through a diaphragmatic hiatus and subsequently subcutaneously 17. The most recent report speculates diffusion of carbon dioxide bubbles from urinary glucose fermentation into the submucosa of the bladder and out into the infra-peritoneal space around the bladder base, where they are able to diffuse into and through the abdominal musculature 16. The authors of this study concluded that given the presence of gas within the abdominal wall, subcutis and retroperitoneum, multi-compartment emphysema was a more fitting description for the overall distribution 16. In our case, the distribution of imaging features would fit better with the latter mechanism, although it is possible that extension of ongoing infection into the abdominal wall occurred following cystocentesis.

In line with the current literature, despite the severity of the imaging features, this dog presented with no clinical signs attributable to lower urinary tract disease 14. 

Antemortem diagnosis of EC in veterinary patients is based on detection of gas within the bladder wall and this finding is pathognomonic for EC following exclusion of iatrogenic causes such as cystocentesis or cystoscopy 15. Ultrasound examination may have higher sensitivity in the detection of small amounts of gas but both radiography and ultrasound proved sensitive for detecting subcutaneous emphysema and EC in this case 9. In particular, ultrasound proved useful in confirming the location of foci of extravesicular gas. Computed tomography is the gold standard imaging modality in humans, allowing for better definition of the extent and severity of the disease 19,20. It also allows exclusion of emphysematous pyelonephritis (EPN) and other causes of urinary gas such as vesicoenteric fistula 17. To the authors’ knowledge, there are no reports of either EC or EPN in veterinary patients documented with computed tomography. 

Both EPN, peritonitis and rarely urinary tract rupture (6/250 cases), have been described as consequences of EC in dogs, cats and humans with a low overall mortality rate 2,7,15,21. The absence of gas within the renal parenchyma, collecting system or peri-renal tissues was of important prognostic significance in this case. EPN is a known complication of EC in up to 10% of humans and up to 95% of cases of EPN also have concurrent DM 2,20.  Although the reported overall mortality rate for EC is low (7%) 2, a human meta-analysis of cases of EPN presents a mortality of up to 42% and therefore diligent follow up is warranted for cases of recurrent EC 22.

It is interesting to note the resolution of the imaging features in this case, at both radiography and ultrasound 4 weeks following initial presentation. Given the differing sensitivity profile for the second isolate, this would suggest a clinical cure followed by subsequent reinfection. As carbon dioxide is readily absorbed in tissue, no intervention, other than ongoing management of the diabetes mellitus and urinary tract infection was deemed necessary in this case. The prognosis for subcutaneous extension of emphysematous cystitis into the abdominal wall in humans is variable in the sparse literature cited above. In this case, the prognosis for extension of emphysematous cystitis into the abdominal wall was excellent, but given the rarity of this condition, any conclusion on the overall prognosis should be interpreted with caution. 
To conclude, we have reported the first case of abdominal wall emphysema as a complication of EC in a veterinary patient, secondary to recurrent infection with E.coli. 

*Zoetis UK, Leatherhead, UK

** Abbot UK, Maidenhead, UK


	LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field

	· Emphysematous cystitis is often caused by E.coli, Enterococcus spp. Klebsiella pneumoniae and Proteus mirabilis
· Extension of gas into the subcutis/abdominal wall is a rare complication of emphysematous cystitis
· Radiography and ultrasonography are key imaging modalities in the diagnosis and staging of emphysematous cystitis 
· Extension of gas into the renal pelvis, collecting system and peri-renal tissues is associated with a higher mortality rate in humans with emphysematous cystitis
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	FIGURE/VIDEO CAPTIONS figures should NOT be embedded in this document

	Figure 1: Right lateral abdominal radiograph showing a thin curvilinear radiolucent gas opacity within the cranioventral part of the bladder wall (white arrow), consistent with emphysematous cystitis. There was mild hepatomegaly and loss of serosal detail in the craniodorsal abdominal quadrant (asterisk).

Figure 2: Greyscale B-mode (A & B) and colour flow doppler (C) ultrasound images showing: A:  Multiple gas foci within the bladder wall (white arrows), B: mild pyelectasia (asterisk) and hyperechoic periureteral and hilar fat (white arrow) and C: a small hyperechoic thrombus within the right renal vein (white arrowhead)

Figure 3: Right lateral (A) and ventrodorsal (B) abdominal radiographs showing a large volume of subcutaneous and body wall emphysema located primarily ventrally and to the left of the caudal abdomen (white arrows). There is also a large volume of gas within the bladder wall and lumen (white arrowhead). There was no evidence of gas within the kidneys.

Figure 4: Greyscale B-mode ultrasound images showing A: extensive gas within the wall of the bladder (white arrow) B and C: multiple foci of subcutaneous gas accumulation (asterisk)
Figure 5: Culture and sensitivity results demonstrating susceptibility to Marbofloxacin
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