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Abstract 

Background Emphysematous pyelonephritis is a necrotizing infection of the renal parenchyma by gas-forming 
organisms. The diagnosis of emphysematous pyelonephritis is made by clinical features and the detection of air 
in the renal parenchyma. In the past, nephrectomy was considered the only treatment option with a high mortality 
rate, but with advances in minimally invasive conservative techniques and better antibiotic treatment, the rate of kid-
ney salvage has increased.

Case presentation From January 2019 to December 2022, eight cases of emphysematous pyelonephritis were 
diagnosed based on clinical features and documentation of gas in the renal parenchyma by a Computed tomography 
scan. The mean age was 61.75 ± 4.3 years. 62.5% were female and 75% were diabetics. E. coli was the most common 
pathogen (87.5%). All 8 patients underwent early interventions in the form of DJ stenting or percutaneous nephros-
tomy tube insertion with only one patient requiring nephrectomy without any immediate mortality.

Conclusion Emphysematous pyelonephritis is more common in women and the elderly. Diabetes mellitus 
and nephrolithiasis are major risk factors. E. coli was the most frequently isolated pathogen. Early diagnosis and early 
minimally invasive intervention in the form of a DJ stenting or percutaneous nephrostomy reduced the rate 
of nephrectomy and mortality.

Keywords Emphysematous pyelonephritis, Urinary tract infection, Obstructive nephropathy, Diabetic kidney disease

1  Background
Emphysematous pyelonephritis (EPN) is an acute 
necrotizing infection of the renal parenchyma and peri-
renal tissue resulting in the formation of gas within the 
renal parenchyma, collecting system, or perinephric tis-
sue [1–3]. More than 90% of all cases of EPN occur in 

patients with diabetes mellitus (DM). Moreover, it is 
commonly seen in patients with obstructive uropathy, 
polycystic kidney disease, and end-stage renal disease. 
EPN is a life‐threatening infection with a mortality rate as 
high as 80% in earlier studies [4, 5]. Earlier the treatment 
of choice was nephrectomy to prevent life-threatening 
complications but in recent times with the development 
of advanced imaging techniques and minimally invasive 
interventions nephrectomy and mortality can be avoided. 
In this study, we have analyzed the characteristics of 8 
patients with EPN concerning patient demographics, 
clinical presentation, investigations, diagnosis, microbio-
logical findings, treatment modality, and outcome.
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2  Case presentation
The study was carried out at Dhiraj Hospital, SBKS medi-
cal institute and research center, Vadodara. The study 
included 8 diagnosed cases of EPN admitted during the 
period from Janurary 2019 to December 2022. The diag-
nosis of EPN was done based on clinical features and 
documentation of gas within the renal parenchyma, 
collecting system, or perinephric tissue on computed 
tomography (CT) scan. The clinical, laboratory, radio-
logical, and microbiological findings, treatment modal-
ity, and outcome of these patients were reviewed 
retrospectively.

A Total of 8 cases were diagnosed to have Emphysema-
tous pyelonephritis. The mean age was 61.75 ± 4.3 years. 
5 (62.5%) out of 8 were female, 6 (75%) were diabetic and 
3 (37.5%) were having nephrolithiasis. Urine culture was 
positive in 7 (87.5%) patients. E. coli was the most com-
mon isolate seen in 6 (85.7%) patients out of 7 culture-
positive samples. 4 (50%) patients had bilateral EPN, 
3 (37.5%) had left EPN and 1 (12.5%) had right EPN. 
All patients were treated with intravenous antibiotics 
according to the culture sensitivities or with empirical 
antibiotics in culture negative cases. All patients were 
given appropriate supportive care. All patients under-
went DJ stenting. 5 (62.5%) patients required only DJ 
stenting, 1 (12.5%) patient required DJ stenting with per-
inephric drainage of infected urinoma, 1 (12.5%) patient 
required DJ stenting plus percutaneous nephrostomy 

tube insertion and 1 (12.5%) patient required DJ stent-
ing followed by nephrectomy. All patients improved at 
discharge and had improved renal function after 1 month 
of follow-up. DJ stent was removed after 1 month in all 
cases. There was no immediate mortality.

The clinical details of each case are presented in 
Table 1. Table 2 contains information about the hemato-
logical & metabolic panel, urine analysis, culture report, 
interventions, and outcome of each of the patients in the 
study.

3  Discussion
EPN is a severe, necrotizing infection with gas in renal 
parenchyma and can be fatal if not diagnosed early and 
treated promptly. The conditions required for the devel-
opment of EPN are based on three pillars: (1) the pres-
ence of pathogenic bacteria with the ability to do mixed 
acid fermentation, (2) hyperglycemia in tissue, and (3) 
impaired perfusion to the tissue [6]. These factors can 
work together, resulting in a rapid disease progression. 
It predominantly affects the female gender. Diabetics are 
more prone to emphysematous pyelonephritis. Patients 
with ureteric obstruction who are non-diabetic can also 
develop EPN but the severity of the disease is less as 
compared to diabetic patients.

The pathogenesis of EPN includes gas‐producing bac-
teria, high glucose concentration in the tissue, impaired 
tissue perfusion, and defective immune response which 

Table 1 Demographics and clinical features of the patients with emphysematous pyelonephritis

DM: diabetes mellitus, HT: hypertension, CKD: chronic kidney disease, PE: pedal edema

Sr no Age in years Sex Comorbidities Symptoms Vitals Examination

Case 1 66 Female DM, HT, CKD Fever, dysuria, anorexia, left flank pain Febrile,
pulse: 110/MIN
BP: 130/90 MMHG

Pallor+, PE+
Abdomen: left renal angle tenderness+

Case 2 60 Female DM, HT, CKD Fever, vomiting,
Bilateral flank pain, weakenss

Febrile,
pulse: 120/min
BP: 100/70 mmhg

Pallor+
Abdomen: bilateral renal angle tender-
ness+

Case 3 58 Female DM, HT, CKD,
Nephrolithiasis

Fever, dysuria, anorexia, vomiting, left 
flank pain

Febrile,
Pulse: 110/Min
BP: 160/90 mmhg

Pallor+, PE+
Abdomen: left renal angle tenderness+

Case 4 67 Male DM, HT, CKD Fever, anorexia, nausea, weakness, 
bilateral flank pain

Febrile,
Pulse: 140/min
BP: 136/90 mmhg

Pallor+, PE+
Abdomen: bilateral renal angle tender-
ness+

Case 5 66 Female CKD,
Nephrolithiasis

Fever, abdominal pain Febrile,
pulse: 140/min
BP: 80/50 mmhg

Pallor+
Abdomen: bilateral renal angle tender-
ness+

Case 6 58 Female DM Fever, left flank pain Febrile,
Pulse: 120/min
BP: 90/60 mmhg

Pallor+, PE+
Abdomen: left renal angle tenderness+

Case 7 63 Male DM Anorexia, vomiting, weakness, right 
flank pain

PULSE: 112/MIN
BP: 134/80 mmhg

Abdomen: right renal angle tender-
ness+

Case 8 56 Male Nephrolithiasis Fever, vomiting, bilateral flank pain Febrile,
Pulse: 130/min
BP: 100/60 mmhg

Abdomen: bilateral renal angle tender-
ness+
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occurs in DM [7]. The high tissue glucose level acts as a 
substrate for the microorganisms such as E-coli and other 
Enterobacteriaceae. They produce hydrogen (H2) and 
carbon dioxide (CO2) by glucose fermentation. In a study 
by Huang et al., five of the six gas samples contained H2 
and all the gas samples contained CO2 [8].

In our study, 5 out of 8 patients were female, and 75% 
of the patients were diabetic. 37.5% had nephrolithiasis as 
a risk factor.

The most common causative organism of EPN is E-coli. 
It is isolated in 47–90% of patients of EPN. The other 
commonly involved organisms include Proteus mirabilis, 
Klebsiella pneumoniae, Enterococcus species, and Pseu-
domonas aeruginosa [9, 10]. Supporting the literature, we 
also found that E. coli was isolated in 75% of our cases. 
Klebsiella pneumonia was also isolated in one of the 
patients. In our study, one patient was culture negative.

In EPN, the left kidney is more frequently involved 
than the right. A recent meta‐analysis has reported that 
52% of patients had left‐sided, 37.7% right‐sided, and 
10.2% bilateral EPN [9]. In our series, the left kidney was 
involved in 37.5% of patients. In our series, a much larger 

Fig. 1 The CT shows multiple air pockets in bilateral renal 
parenchyma (White arrows) with large right staghorn calculus 
and left lower ureteric calculus (Black arrows)

Fig. 2 The CT images of a patient with Emphysematous pyelonephritis. A & B: Transverse section showing multiple air pockets within Right renal 
parenchyma with peri-nephric fat stranding. C & D: Coronal section showing multiple air pockets within Right renal parenchyma and a well-defined 
collection with air pockets extending from the right renal pelvis to the right iliac fossa suggestive of urinoma formation
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proportion of patients (50%) had bilateral EPN as com-
pared to previous studies.

Traditionally, early nephrectomy was considered the 
treatment of choice in EPN with few reports suggesting 
increased mortality with medical therapy as compared to 
surgery, but surgery is often poorly tolerated in EPN due 
to the poor hemodynamic status of the patient. In 1996, 
Chen et  al. reported that antibiotic therapy along with 
CT‐guided percutaneous drainage was an acceptable 
alternative to nephrectomy. In that study, most patients 
received medical therapy with percutaneous therapy and 
only two patients required nephrectomy. The treatment 
of EPN has evolved over the years from invasive surgery 
to more conservative approaches due to the availability of 
better imaging modalities, potent antibiotics, and image‐
guided drainage.

A similar study done by Gite et  al. showed that early 
intervention can help in salvaging the kidney and pre-
venting mortality  [11]. Also, another study by Jain et al. 
concluded that conservative management with an appro-
priate algorithm leads to reduced mortality and avoids 
unnecessary emergency nephrectomies [12].

Patients with EPN present with vague symptoms ini-
tially, but frequently undergo a sudden deterioration in 
their condition, requiring urgent medical intervention. 
Treatment of patients with EPN comprises resuscita-
tion, correction of any electrolyte imbalance and hyper-
glycemia, and administration of antibiotics targeting 
Gram-negative bacteria. Ureteric obstruction is relieved 
by a percutaneous nephrostomy or stent. Definitive man-
agement is by percutaneous drainage or DJ stenting. 
Nephrectomy is advised when there is extensive diffuse 
gas with renal destruction not responding to conserva-
tive management.

4  Conclusions
According to our study, EPN is more common in women 
and the elderly. Diabetes mellitus and nephrolithiasis are 
major risk factors. E. coli was the most frequently iso-
lated pathogen. A higher percentage of EPNs were bilat-
eral in our study. All patients underwent interventions 
which included DJ stenting with or without peri-nephric 
drain insertion or percutaneous nephrostomy tube place-
ment. Only one patient required a nephrectomy. All 
patients recovered without any mortality. Early diagnosis 
and minimally invasive intervention reduced the rates of 
nephrectomy and mortality.
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