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Abstract
Background  Emphysematous pyelonephritis (EPN) is a necrotizing infection characterized by the production of 
gas in the renal parenchyma, collecting system or perirenal tissue. The treatment strategy, especially for surgical 
intervention, in EPN has been based on the Huang and Wan classifications. Huang’s classification is based on 
the extent of gas and abscess spillover, while Wan’s classification is based on the morphology of gas and fluid 
retention. Wan’s classification type I EPN is considered more severe compared to type II EPN and pathophisyological 
mechanisms are speculated as the cause of the different presentation but the actual cause is unknown. In the present 
case, conservative treatment of EPN in the early stages of the disease allowed us to show that Wan’s classification may 
represent a time series of morphologic changes throughout EPN.

Case presentation  A 72-year-old woman treated for diabetes was admitted because of suspected treatment-
resistant pyelonephritis. Her CT scan at presentation was suggestive of EPN and antibiotics was started. After 
additional medical treatment, a follow-up of CT image showed that the initial appearance of bubbly gas formation 
changed into a fluid-forming abscess. This transition shows that type I is an early phase image of EPN and type II 
image is seen following the early phase. Thereafter no change was seen in CT image and residing inflammation led to 
planned nephrectomy on day 35. Antibiotics were discontinued and no recurrence was confirmed.

Conclusions  Wan’s type I and II EPN has been often reported as different pathophysiological entities. Our case shows 
that these two subtypes may represent stages in the progression of EPN. Medical treatment for type I may permit safe 
nephrectomy for type II EPN.
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Background
Emphysematous pyelonephritis (EPN) is a severe form 
of renal parenchymal infection leading to necrosis of the 
kidney. It is well known that diabetes is the most com-
mon risk factor [1, 2] and when medical treatment for 
urinary tract infection is not effective, CT scans are help-
ful to rule out any treatment-resistant status [3]. One 
example is EPN which consists of features of acute necro-
tizing infection of the renal parenchyma and surrounding 
tissues, typically diagnosed by gas formation [1, 4]. Treat-
ment for EPN, either antibiotic, drainage, nephrectomy 
or any of the combination, is often guided by risk factors 
and CT imaging at initial presentation [5]. Though cases 
of EPN have been repeatedly reported, the chronologi-
cal changes on CT image of medically treated EPN is not 
well known. We herein report the trajectory of EPN in a 
diabetic patient who was successfully treated medically at 
first and show the chronological changes in CT image.

Case presentation
A 72-year-old woman had been treated for diabetes on 
insulin therapy for 18  years, complicated with diabetic 
kidney disease. Her glycosylated hemoglobin (HbA1c) 
one month prior was found to be 8.3%. She presented to 
the hospital with fever, fatigue, and left lateral abdomi-
nal pain 5 days prior. Upon initial examination, she was 
alert with body temperature of 37.8℃, blood pressure 
133/91 mmHg, heart rate 131 bpm, tachypneic and oxy-
gen saturation 98% ambient air. She was medium built 
and there was spontaneous pain in the left side of the 
abdomen and bilateral pitting leg edema. She had history 
of uterine cancer with metastatic lung cancer which was 

radically cured after surgery and chemotherapy. Recent 
medications were Insulin lispro(7  U-7  U-7  U), Insulin 
Glargine 7 U, and sitagliptin 25 mg. Blood tests revealed 
white blood cells (WBC) 23.9 × 10³/μL, hemoglobin 
10.2 g/dL, platelet count 3.9 × 10⁴/μL, blood urea nitrogen 
94.7 mg/dL, creatinine 5.16 mg/dL, Na 117 mEq/L, K 4.7 
mEq/L, Cl 80 mEq/L, C-reactive protein (CRP) 39.52 mg/
dL, procalcitonin > 100 ng/mL, prothrombin time 17.3 s, 
activated partial thromboplastin time 38.3  s, fibrinogen 
degradation products 67.7  μg/mL, D-dimer 28.7  μg/mL 
and blood glucose 725 mg/dl. Her venous blood gas was 
pH 7.407, PCO2: 20.7, PO2: 78.2, HCO3: 12.8, and lac-
tate 3.7 mmol/L. Urine tests were protein 2+, glucose 4+, 
ketones±, blood 3+. A CT scan of the abdomen demon-
strated an atrophic right kidney and global multilocular 
gas in the swollen left renal parenchyma (Fig.  1). There 
were not urolithiasis and hydronephrosis. Based on these 
examinations she was diagnosed with EPN, disseminated 
intravascular coagulation, hyperosmolar hyperglycemic 
syndrome, pseudo-hyponatremia, and acute on chronic 
kidney disease hence she was transferred to the Intensive 
Care Unit (ICU).

Meropenem 0.5 g q24h was administered for EPN but 
soon after ICU admission, she went into a state of shock 
requiring norepinephrine. She was treated with recom-
binant thrombomodulin-alpha for 6 days and received a 
total of 30 units of platelet transfusions against the DIC. 
Meanwhile, intensive diabetic management lowered 
her blood sugar level to 100–200 mg/dL. On day 4, she 
became anuric requiring hemodialysis and additional 
polymyxin B hemoperfusion was performed on day 3 
and 4. Escherichia coli was detected from blood and 

Fig. 1  Time series change of gas image in EPN. On admission, the entire renal parenchyma showed a multiple bubbly gas image. After successful medical 
treatment, gas image became more aggregated, and a separation of liquid and gas was observed
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urine cultures and the antibiotic was changed to ampicil-
lin sulbactam 3  g q24h based on its drug sensitivity on 
day 8. We present the chronological changes on x-ray 
and simple CT of EPN over time (Fig. 1). A multifocal 
emphysematous image was present on admission but 
changed to two layers of liquid and gas components in 
the kidney after 15 days. Thereafter, no improvement in 
kidney function and inflammatory response was seen and 
CT image performed 31  days after admission revealed 
an iliopsoas abscess adjacent to the left kidney. So, on 
the 35th day elective nephrectomy and excision of the 
iliopsoas abscess was performed. The pathology of the 
excised kidney showed only necrotic tissue with severe 
neutrophilic infiltration and there was no normal renal 
tissue (Fig.  2). After nephrectomy, both WBC and CRP 
improved, and left-sided abdominal pain resolved quickly 
but unfortunately, she stayed on dialysis. Antimicrobials 
were discontinued 3 days postoperatively and no relapse 
is seen.

Discussion and conclusions
We presented the trajectory of a high-risk EPN in a 
patient who was medically treated at initial presentation 
and completed by elective nephrectomy. At presenta-
tion, widespread multilocular gas was confirmed in the 
whole swollen left kidney, which gradually dissolved and 
“liquified” to form a niveau in the retroperitoneum space 
mostly where the cortex occupied. The interval between 
this change was about less than 2  weeks. As far as we 
know, such graphical transitions based on Wan’s classi-
fication of medically treated pyelonephritis has not been 
reported.

Studies on EPN have mainly focused on the CT mor-
phology at presentation and the prognosis depending on 
the treatment either surgical or medical. The classifica-
tion by Huang et al [1] is distinguished by CT scan and 
evaluated by the extension of gas inside or outside the 

infected kidney (Table  1). This classification is believed 
to represent the severity of the disease and therefore, 
related to prognosis. This case would be diagnosed as 
class 3A at initial presentation and 3B with the following 
formation of ilipsoas abscess, which is suggested to be a 
severe form of EPN. The report by Wan et al [2] is more 
simple and discriminates between two types of presenta-
tion as having (type II) or not having (type I) fluid col-
lection (Table 2). Using this classification, this case would 
be type I at presentation and type II after several days of 
medical treatment. Our report shows that CT morphol-
ogy may differ during the course of treatment. Indeed, in 
Wan’s report [2], type I EPN was diagnosed 4 days after 
symptom onset and type II EPN was 11 days. Though the 
literature on EPN are based mostly on single or collec-
tive case reports, type I EPN has been related to higher 
mortality [1–3]. Reports including those from Wan [2, 3] 
have proposed that the two subtypes may represent dif-
ferent pathophysiologic responses to infection. It can be 
speculated from our case that during successful intensive 
medical treatment, type I transforms into type II though 

Table 1  Huang’s classification
Class1 Gas is confined within the renal pelvis
Class2 Gas confined to renal parenchyma
Class3A Gas and pus spread to the perirenal 

area (within the renal fascia)
Class3B Gas or pus extends outside the peri-

renal space (outside the renal fascia)
Class4 Emphysematous pyelonephritis in 

bilateral or unilateral renal patients

Table 2  Wan’s classification
Type I Parenchymal destruction with either absence of 

fluid collection or presence of streaky or mottled gas
Type II Either renal or perirenal fluid collections with bubbly 

or loculated gas or gas in the collecting system

Fig. 2  Nephrectomized kidney. Photo of the nephrectomized kidney
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the extension of infection may not change unless drain-
age or nephrectomy is performed.

As for the prognosis of EPN, several studies have men-
tioned that altered mental status, thrombocytopenia, 
shock, hyponatremia and renal failure were significantly 
associated with mortality [1, 4–6]. CT images of higher 
class in Huang’s classification and type I in Wan’s, are all 
suggestive of higher mortality. In high-risk cases com-
bined with many of these risk factors, such as ours, early 
surgical treatment may be poorly tolerated. In a meta-
analysis of retrospective studies [5], emergent nephrec-
tomy was a risk factor for mortality, which is probably 
the causal result of the most severely ill population. Per-
cutaneous drainage (PCD) is another option that could 
have been considered. Recent reports on PCD suggest its 
use in localized gas formation, less than two risk factors, 
and for the preservation of kidney function [7]. However, 
given the atrophy of the remaining kidney on CT image 
and the prior kidney function of this case, the effects of 
the fatal infection on her residual kidney function seemed 
detrimental. Therefore, rather than aiming for the preser-
vation of kidney function, selective surgery was consid-
ered. Selective nephrectomy after conservative therapy is 
suggested to have lower mortality (10%), and removal of 
a necrotic kidney is considered to prevent recurrence [8]. 
Reconsidering our case, selective nephrectomy may have 
been considered earlier as no change was proven after 
day 15 and withdrawal from dialysis seemed unlikely.

Diabetes mellitus (75–96%), obstructive uropathy 
including urolithiasis (22–49%), hypertension (39%), and 
female sex have been identified as risk factors for EPN 
in several studies [1, 8, 9]. Lesions are more frequently 
observed in the left kidney (52–56%) than in the right 
(37–41%), with bilateral involvement reported in 3–10% 
of cases [4]. This lateral predominance is thought to be 
attributable to the higher incidence of urinary tract 
obstruction on the left side (64% vs. 36%). However, 
regarding urinary tract obstruction, although it is con-
sidered a requisite factor in all non-diabetic cases, it is 
observed in only approximately half of diabetic patients 
[1], suggesting that obstruction is not a necessary condi-
tion for the development of EPN.

The unique feature of this case is that we were able to 
follow the morphological transition of EPN on CT image 
and show recovery from a high-risk case. Both classifi-
cations resemble the trajectory of EPN, rather than dif-
ferent pathophysiology, and evaluation in combination 
with the severity of the patient, may guide to selection of 
appropriate treatment options.
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