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Abstract 

Background:  Emphysematous pyelonephritis (EPN) is a potentially life-threatening disease caused by a gas-produc-
ing necrotizing bacterial infection that involves the renal parenchyma, collecting system, and/or perinephric tissue. 
EPN is often complicated by a previous diagnosis of diabetes mellitus, and venous air bubbles are an uncommon 
complication of it. We describe a 52-year-old woman who was admitted in coma, with a history of vomiting, and was 
found to have EPN with air bubbles in the uterine veins. We discuss the presentation, diagnosis, and pathogenesis 
of this uncommon but clinically significant event, and briefly review other case reports of venous gas or thrombosis 
caused by EPN.

Case presentation:  We report the case of a 52-year-old woman with past history of type 2 diabetes mellitus, pre-
senting with loss of consciousness after vomiting for half a day. Abdominal computed tomography scan revealed 
unilateral EPN with air bubbles in the uterine veins. The blood, pus, and urine cultures were positive for extended-
spectrum beta-lactamase-producing Escherichia coli. The patient’s condition improved well after conservative man-
agement comprising supportive measures, broad-spectrum antibiotics, percutaneous drainage therapy, and an open 
operation.

Conclusions:  Venous air bubbles are rare but fatal complication of EPN. Early diagnosis and treatment are critical to 
ensure good results.
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Background
Emphysematous pyelonephritis (EPN) is a potentially 
life-threatening and acute, severe necrotizing bacterial 
infection. Its typical characteristics is that air is presented 
in the renal parenchyma, and para-renal space collect-
ing system [1]. Venous gas is a rare complication of EPN. 
Here, we present a case of EPN with air bubbles in the 
uterine veins that was infected by extended-spectrum 

beta-lactamase-producing E. coli. In addition, we sum-
marized other cases of EPN with venous gas or throm-
bosis. To our knowledge, this is the first report of EPN in 
which air bubbles were observed in the uterine veins.

Case presentation
A 52-year-old Chinese woman was brought to the 
emergency room due to the history of worsening thirst, 
polydipsia, nausea and fatigue for 10  days and loss of 
consciousness after vomiting for half a day. When 
she was 40  years old, she was diagnosed with type 2 
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diabetes mellitus (T2DM), but she hesitated to receive 
any medical treatment.

On admission, she developed septic shock. Her 
temperature was 36.3  °C and blood pressure was 
105/62  mmHg which was maintained with norepi-
nephrine. She has tachypnea with respiratory rate of 25 
breaths/min and rapid heart rate of 135 beats/min. The 
laboratory results showed a leukocytosis of 14.2 × 109 
per L with 95.8% neutrophils. Her procalcitonin con-
centration was severely increased at 170  ng/mL, and 
her blood lactate level was 4.8 mmol/L. She had abnor-
mal renal function markers, including serum creatinine 
and urea nitrogen levels of 3.0 mg/dL and 17.7 mmol/L, 
respectively. She had hyperglycemia with a blood glu-
cose concentration of 27.8  mmol/L. The patient was 
transferred to the intensive care unit. And she was 
treated with intravenous fluid, received norepineph-
rine, bowel rest, intravenous injection of small doses of 
insulin, and broad-spectrum antibiotics. However, sep-
tic shock was not improved and primary lesions lead-
ing to septic shock was unknown. Therefore, perform 

an urgent computed tomography (CT) scan to confirm 
the diagnosis.

An abdominal CT scan showed a diffusely expanded 
left kidney and ureter with architectural distortion due 
to linear and columnar streaks of gas in the parenchyma, 
para-renal space and left ureteral upper and middle part 
(Fig.  1A, B). There were also air bubbles in the uterine 
vein which showed “Dead tree branch-like” appearance. 
(Fig.  1C, D). Based on these findings, the patient was 
diagnosed with EPN with air in the uterine vein. The 
blood, pus and urine cultures were positive for extended-
spectrum beta-lactamase-producing E. coli.

Percutaneous drainage (PCD) therapy was conducted 
first to treat the primary lesion and antibiotic treatment 
was continued. Continuous renal replacement therapy 
(CRRT) was conducted due to acute renal failure. Due to 
the poor outcomes of PCD treatment and risk of devel-
oping an air embolism, open drainage was performed. 
Three days after the operation, a repeat CT scan showed 
reduced gas in the left kidney and uterine vein (Fig. 2A, 
B). She was closely monitored, and her inflammatory 

Fig. 1  Images in 53-year-old female with emphysematous pyelonephritis (EPN) of the left kidney. A, B Axial and volume-rendered abdominal CT 
shows the presence of gas in the parenchyma, para-renal space and left ureteral upper and middle part (white arrow). C, D Axial and multiplanar 
reconstruction in minimum-intensity projection CT shows air bubbles in the uterine vein (blue arrow)
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markers and renal function gradually recovered. She 
was finally discharged 20  days after admission and was 
instructed to continue her follow-up at the medical 
office. The abdominal CT, taken 3 months post-discharge, 
revealed gas disappearance and a shrunk left renal vol-
ume (Fig. 2C).

Discussion and conclusions
EPN is a life-threatening and acute severe necrotiz-
ing infection, involving the renal parenchyma, collect-
ing system, and/or perinephric tissue by gas-producing 
uropathogens. E. coli has been isolated from pus or urine 
cultures in approximately 75% of EPN cases, and other 
pathogens, such as Klebsiella and Proteus, have also been 
reported [1]. Its risk factors include DM (up to 95% of 
patients), female gender, reduced host immunity, chronic 
urinary tract infections, and genitourinary obstruction 
[1, 2]. Mortality in EPN has been attributed to patients 
with disturbed consciousness, thrombocytopenia, and 
septic complications [1, 3].

Abdominal CT is currently the preferred radiographic 
modality for diagnosing EPN and staging its severity, 
which is correlated with its management [4]. EPN is clas-
sified into four classes: Class 1 indicates gas confined to 
the collecting system; Class 2 indicates gas confined to 
the renal parenchyma without extension to extrarenal 
space; Class 3A indicates extension of gas or abscess to 
perinephric space-as in our patient; Class 3B pertains to 
extension of the gas or abscess to the pararenal space; 
and Class 4 refers to bilateral EPN or a solitary kidney 
with EPN [5]. According to this classification, our patient 
was had Class 3B EPN.

Venous gas is a rare complication of EPN and, to our 
knowledge, there have been only 15 previously reported 
cases of EPN with venous gas (Table 1) [6–20]. Of these 
cases, 13 (87%) of patients were diabetic, and 12 (80%) 
were female. E. coli were the most common bacteria 
identified (11/15, 73%). The portal vein (7/15, 47%) and 

the inferior vena cava (5/15, 33%) were the most com-
mon blood vessels involved. To our knowledge, there 
have been no previous reports of EPN with venous gas 
in the uterine vein. Thrombosis is another rare compli-
cation of EPN. According to our knowledge, there have 
been only three previously reported cases of EPN with 
venous thrombosis (Table  1) [21–23]. All three cases 
were female, and unlike venous gas, the renal veins were 
the most common blood vessels involved by EPN with 
venous thrombosis.

However, the precise mechanisms of venous air bub-
ble formation in EPN have not been determined. Sebastià 
et  al. [24] proposed three possible mechanisms for the 
pathogenesis of portomesenteric vein gas associated with 
infectious abdominal disease: (1) sepsis in the mesentery 
and portal vein branches; (2) increased intracavitary fer-
mentation of carbohydrates caused by bacteria; and (3) 
perforation of a mesenteric abscess in the mesenteric 
lumen, which separates between the peritoneal lobules of 
the mesenteric membrane to enter the mesenteric vein. 
It was previously reported that infected bubbles enter 
the bloodstream and can form seeds in various organs, 
leading to the spread of infection [12]. In this patient, we 
speculate that the uterine vein gas was caused by sepsis 
in the uterine vein, because she had septic shock and a 
high blood sugar level on admission. The high plasma 
glucose level serves as a favorable environment for Enter-
obacteriaceae’s mixed acid fermentation to produce gas, 
the main components of which are carbon dioxide and 
hydrogen. The precise mechanisms of venous thrombosis 
in EPN have also not been determined. Similar to Jignesh 
et al., we speculate that it was likely provoked by an infec-
tious, and therefore hypercoagulable state [21].

Of 15 patients with venous gas, 5 were treated with 
nephrectomy, 5 underwent PCD, 3 were treated with 
antibiotics and general management alone, and 1 
patient underwent exploratory operation. Two patients 
died. One patient, with air in the renal vein and septic 

Fig. 2  The follow-up computed tomography scan. A, B Abdominal and pelvic CT taken 3 days after open drainage show reducing of gas the 
uterine vein and in the left kidney (white arrow). C The 3-month follow-up abdominal CT shows complete absence of gas and shrunk-volume in the 
left kidney (blue arrow)
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emboli in the lungs, died of cardiac arrest within hours 
of admission. One died because of cardiovascu-
lar collapse resulted from septic shock, endogenous 
air emboli, or a combination of both. Of 3 cases with 
thrombosis in EPN, one was treated with nephrectomy, 
one underwent PCD, and one was treated with antibi-
otics and general management alone. All three patients 
achieved an improved clinical outcome. However, the 
incidence of venous gas and thrombosis in patients 
with EPN may be underestimated, especially in patients 
with poor prognosis, because venous gas and thrombo-
sis may be overlooked on radiological images of EPN, 
especially in patients without enhanced abdominal CT.

In Class 3 EPN (based on the Huang and Tseng clas-
sification) [5], basic resuscitation and PCD should be 
performed in conjunction with good glycemic control. 
Nephrectomy or open drainage should be performed if 
there is no response to these measures [1]. The clinical 
presentation in our patient was typical: a diabetic with 
inadequate glycemic control, vomiting, and disturbance 
of consciousness. The clinical evolution and CT (Stage 
3) led us to perform PCD. The PCD treatment was inef-
fective, and the EPN was successfully treated by open 
drainage.

A high degree of clinical suspicion, immediate CT 
scan, and corresponding medical or surgical treatment, 
are the basis for successful EPN management. At higher 
stages (3/4), PCD should be performed as soon as pos-
sible, and nephrectomy or open surgery should not be 
delayed if the PCD is ineffective [3].

In conclusion, EPN requires urgent attention as com-
plications of sepsis can be life-threatening. Venous air 
bubbles are a rare but potentially fatal complication of 
EPN, requiring early diagnosis and treatment. Aware-
ness of this disease may lead to early CT scan for diag-
nosis and staging of disease severity, and may prompt 
physicians to implement effective antibiotic therapy, 
PCD or operation to achieve good clinical outcomes.
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