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Purpose: This study examined the characteristics, current treatment trends, and 
outcomes of patients with emphysematous pyelonephritis (EPN) in Korea.
Materials and Methods: Two hundred and seventeen patients diagnosed with EPN 
were evaluated using abdominal computed tomography in 2011-2021 at 15 
institutes in Korea. The patients’ demographic and clinical characteristics, 
treatment modalities, and treatment outcomes were analyzed. The total study 
period was divided arbitrarily into groups A (2011-2014), B (2015-2017), and C 
(2018-2021) to analyze the trends in the EPN treatment.
Results: The mean age of the patients was 65.1 years; there were more female 
patients (74.2%) than male patients. The overall mortality rate was 10.6%. 
Ninety-five (43.8%), 98 (45.2%), and 24 (11.0%) patients were treated with 
medical, minimally invasive, and surgical management, respectively; the 
corresponding mortality rates were 13.7%, 6.1%, and 16.7%. There was no 
significant change in the proportion of patients treated with medical management 
over time (group A=46.5%, group B=47.0%, and group C=38.8%). The 
proportion of patients treated with minimally invasive management gradually 
increased over time (group A=35.2%; group B=43.9%; group C=55.0%), while 
those who underwent surgical management decreased gradually over time (group 
A=18.3%, group B=9.1%, and group C=6.3%). No differences in mortality rates 
were observed between the groups. 
Conclusions: EPN with medical and minimally invasive management had a 
relatively high treatment success rate, which increased gradually, while surgical 
management decreased gradually over time in Korea. The mortality rate was 
relatively lower than that reported in studies published before the 2010s.
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INTRODUCTION

Emphysematous pyelonephritis (EPN) is an acute, severe, 

necrotizing renal infection characterized by gas production 

in the renal parenchyma, collecting system, or perinephric 

tissue [1]. Kelly and MacCallum [2] first reported EPN in 

1898, and Schultz and Klorfein [3] coined the term 

emphysematous pyelonephritis in 1962 to describe this 

severe infectious disease. EPN is predominant in female and 

patients with diabetes mellitus (DM), obstructive uropathy, 

and immunocompromised conditions, such as previous kidney 

transplants [1,4,5]. In most cases, EPN is caused by gram- 

negative organisms, such as Escherichia coli, Enterobacter, 

Klebsiella, and Proteus species [1,4]. The Streptococcus, 

Candida, Aspergillus, and Cryptococcus species have also 

been implicated [6-8]. 

The pathogenicity of EPN has not yet been elucidated 

fully. On the other hand, bacteria may use the high glucose 

level in the renal parenchyma as a substrate for fermentation, 

producing carbon dioxide and hydrogen as byproducts [4]. 

The ideal management of EPN is unclear. Previously, the 

conventional treatment for EPN was early nephrectomy and 

open surgical drainage with antibiotic therapy [9]. On the 

other hand, this approach has a relatively high mortality 

rate of 40-50% [10]. A recent study suggested that EPN should 

be treated with aggressive medical treatment and often 

minimally invasive treatment, including percutaneous 

catheter drainage (PCD) and ureteral stent placement. 

Prompt surgical intervention should be considered in 

deteriorating patients [11-13].

EPN is an uncommon condition that many physicians are 

unlikely to encounter. There is not enough published 

literature on EPN because of its rarity. This study examined 

the characteristics, current treatment trends, and outcomes 

of patients with EPN over a 10-year period in Korea. 

MATERIALS AND METHODS

This study reviewed patients diagnosed with EPN by an 

abdominal computed tomography (CT) scan between January 

2011 and February 2021 at 15 institutes in Korea. Patients 

with recent abdominal trauma, a history of a fistula between 

the digestive and urinary tract, and a history of kidney- 

related surgery or procedures were excluded because of their 

possible effects on the results. 

The patients’ characteristics, including age, sex, co-

morbidities (DM, hypertension, stroke, and chronic kidney 

disease), acute kidney injury, blood and urine tests, and the 

Huang and Tseng classification, were analyzed. In addition, 

the treatment modalities (medical, minimally invasive, and 

surgical therapy) and treatment outcomes (sepsis, septic 

shock, or mortality) were assessed. The causative organisms 

and antibiotic resistance profiles were assessed by urine 

culture, including extended-spectrum β-lactamase. The 

10-year study period was divided arbitrarily into the 

following three groups to analyze the trends in mortality 

rates and treatment of patients with EPN in this period: 

2011-2014 (group A), 2015-2017 (group B), and 2018-2021 

(group C). 

EPN was defined as gas accumulation in the collecting 

system, renal parenchyma, or perinephric or pararenal space 

on a CT scan. The Huang and Tseng classification system 

was used, which is defined as follows: class 1 – gas confined 

to the collecting system; class 2 – gas confined to the renal 

parenchyma alone; class 3A – perinephric extension of gas 

or abscess; class 3B – extension of gas beyond the Gerota 

fascia; and class 4 – bilateral EPN or EPN in a solitary kidney. 

Medical management involved supportive therapy, such as 

hemodynamic stabilization, metabolic control, and antibiotic 

therapy. Minimally invasive management involved PCD or 

an indwelling ureteral stent. Surgical management involved 

open drainage or a nephrectomy. Sepsis and septic shock 

were defined according to the third international consensus 

definitions for sepsis and septic shock (Sepsis-3) [14]. 

All the variables, which included the categorical and 

continuous variables, were used for descriptive analyses. The 

treatment modalities, outcomes, and patient groups were 

compared using a Pearson’s chi-square test. All the analyses 

were performed using SPSS version 18.0. (SPSS Inc., Chicago, 

IL, USA).

RESULTS

After excluding the patients who met the exclusion 

criteria, 217 patients were included in the final cohort. The 

mean age of the patients was 65.2 years. The proportion 

of female patients (74.2%) was higher than that of the male 

patients (25.8%). DM (82.0%) was the most common 

comorbidity in the patients, followed by hypertension 

(48.4%), chronic kidney disease (30.4%), and stroke (12.0%). 
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Fig. 1. Causative organisms from urine. Others (Enterococci, Candida,
Proteus, Morganella, Staphylococcus species). 

Fig. 2. Analysis of the patterns of emphysematous pyelonephritis 
treatment among the patients included in the study.

Sixty-six patients (30.4%) had obstructive uropathy. The most 

common Huang and Tseng classification was class II (36.9%), 

followed in order by class I (31.3%), class IIIa (16.1%), class 

IIIb (9.2%), and class IV (6.0%). In urine culture analyses, 

143 patients showed positive growth in their urine cultures. 

E. coli was the most common pathogen in the urine cultures 

(113 patients, 79.0%), followed by Klebsiella pneumoniae 

(19 patients, 13.3%). The remaining 11 (7.7%) patients tested 

positive for Enterococci, Pseudomonas, Candida, Proteus, 

Morganella, Staphylococcus, and mixed types of bacteria 

(Fig. 1). 

Sepsis was observed in 116 patients (53.5%). Septic shock 

occurred in 57 patients (26.3%). After treatment, the overall 

mortality rate was 10.6%. The treatment failed in 18.1% and 

26.3% of the patients with sepsis and septic shock, 

respectively. Fig. 2 shows the treatment patterns of EPN 

among the patients included in the study. Of the patients, 

95 (43.8%) were treated with medical management, and 98 

(45.2%) were treated with minimally invasive management. 

Twenty-four patients (11.0%) underwent surgical manage-

ment. The mortality rates of patients who underwent 

medical, minimally invasive, and surgical management were 

13.7%, 6.1%, and 16.7%, respectively.

Seventy-one (32.7%), 66 (30.4%), and 80 (36.9%) patients 

were diagnosed with EPN in 2011-2014 (group A), 2015-2017 

(group B), and 2018-2021 (group C), respectively. The 

proportion of patients who underwent medical management 

in groups A, B, and C was 46.5% (n=33), 47.0% (n=31), and 

38.8% (n=31), respectively. There were no significant changes 

in the trends across the period. The proportion of patients 

who underwent minimally invasive management in groups 

A, B, and C was 35.2% (n=25), 43.9% (n=29), and 55.0% (n=44), 

respectively. A gradually increasing trend was observed over 

time. The proportion of patients who underwent surgical 

management in groups A, B, and C was 18.3% (n=13), 9.1% 

(n=6), and 6.3% (n=5), respectively. A gradually decreasing 

trend was observed over time. The mortality rates of the 

patients in groups A, B, and C were 7.0%, 13.6%, and 11.3%, 

respectively. No differences in mortality rates were observed 

between the groups. Table 1 lists the mortality rates of the 

patients with EPN according to the treatment modalities and 

time periods. The mortality rate was similar regardless of 

the treatment modalities and time periods.  

DISCUSSION

EPN is an uncommon disease with a potentially severe 

and life-threatening clinical course due to septic com-

plications if it is not promptly recognized and treated 

medically. The reported mortality rate is up to 80% [1]. In 

the present results, the demographic characteristics of the 

patients with EPN were in line with those of previous studies. 

Similar to other related studies, most patients in the present 

study were female (74.2%), and the most common causative 

pathogen was E. coli, followed by other gram-negative 

organisms [12,15,16]. Several studies suggested that DM 

might be the most common risk factor for EPN [1,4,15,16]. 

Similarly, DM (82.0%) was the most common underlying 

disease in the present cohort. Obstructive uropathy (30.4%) 

was also common among the patients, which was in line 

with other studies [1,3,12,16]. 

In the past, the conventional treatment for EPN was early 
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Table 1. Mortality rate of patients with emphysematous pyelonephritis according to treatment modalities and study period groups 

Group
Mortality rate % (n/total)

Overall 
(23/217) 

Medical management 
(13/95) 

Minimal invasive management 
(6/98) 

Surgical management 
(4/24) 

A (2011-2014) 7.0 (5/71) 9.1 (3/33) 0 (0/25) 15.4 (2/13) 
B (2015-2017) 13.6 (9/66) 19.4 (6/31) 6.9 (2/29) 16.7 (1/6) 
C (2018-2021) 11.3 (9/80) 12.9 (4/31) 9.1 (4/44) 20.0 (1/5) 

nephrectomy or open surgical drainage with antibiotic 

therapy [9]. Klein et al. [17] reviewed 66 cases of EPN. They 

reported an overall mortality rate of 38%, with only a 29% 

chance of survival among those treated medically compared 

to 71% among those treated with both medical and surgical 

treatment. The authors emphasized the early diagnosis and 

aggressive early combined medical–surgical management for 

patients with EPN [17]. Huang et al. [1] assessed 48 patients 

with EPN between 1989 and 1997 and reported that the total 

mortality rate was 18.8%. Eight of the 14 patients in whom 

the PCD treatment was unsuccessful underwent a subsequent 

nephrectomy, seven of whom survived. Only eight patients 

were managed with direct nephrectomy and survived. The 

overall success rate for a nephrectomy was 90%. The authors 

concluded that nephrectomy can provide the best treatment 

outcome and should be attempted promptly for extensive 

EPN with a fulminant course [1]. 

On the other hand, with the advances in imaging 

technologies, such as CT scanning, image-guided inter-

ventional procedures, and antibiotics, the mortality of 

patients with EPN was reduced when they were treated with 

antibiotics alone and minimally invasive management. 

Chen et al. [10] analyzed 25 patients with EPN who were 

initially treated with PCD during a 10-year period. In their 

study, 20 of the 25 patients (80%) were treated successfully 

with antibiotic therapy combined with PCD. The authors 

concluded that for EPN, antibiotic therapy combined with 

PCD might be an acceptable alternative to antibiotic therapy 

with surgical intervention [10]. In another study, the ABACUS 

Research Group reviewed 10 retrospective studies related 

to EPN. They reported a 50% mortality rate from medical 

management alone, 25% from medical management 

combined with emergency nephrectomy, and 13.5% from 

medical management combined with PCD. The mortality rate 

was significantly lower in patients who underwent PCD than 

in those who underwent other treatments [18]. The authors 

suggested that PCD should be part of the initial management 

strategy for EPN [18]. Recently, Karthikeyan et al. [19] 

reviewed patients with EPN from 2007 to 2014. They reported 

that 32 out of 34 patients with EPN were treated successfully 

with conservative management alone, demonstrating a 

survival rate of 94.1%. All 32 patients were treated successfully 

with minimally invasive management. Nephrectomy was 

performed in only two patients. The authors also suggested 

that medical management with timely intervention with 

urinary drainage might be effective and curative in most 

patients [19]. 

In the current study, 95 (43.8%), 98 (45.2%), and 24 (11.0%) 

patients underwent medical, minimally invasive, and surgical 

management, respectively; the corresponding mortality rates 

were 13.7%, 6.1%, and 16.7%. According to these results, 

the mortality rate of patients treated with medical 

management combined with PCD was lower than that of 

patients treated with surgical management (6.1% vs. 16.7%). 

Reflecting these results, the proportion of patients treated 

with minimally invasive management increased gradually 

with time (group A=35.2%; group B=43.9%; group C=55.0%). 

On the other hand, the proportion of patients who underwent 

surgical management tended to decrease gradually with time 

in the present cohort (group A=18.3%; group B=9.1%; group 

C=6.3%). When the mortality rates were analyzed according 

to the time period, patients treated with medical manage-

ment combined with PCD had a lower mortality rate than 

those treated with surgical management in all time periods 

(group A: 0% vs. 15.4%; group B: 6.9% vs. 16.7%; group C: 

9.1% vs. 20.0%).

These results suggest that the mortality rate of patients 

with EPN might be affected by other risk factors, such as 

the Huang and Tseng classification of EPN, rather than the 

treatment modality. The mortality rates of class IIIb (25.0%) 

and class IV (23.1%) patients were higher than those of class 

I-IIIa (5.3-5.3%) patients. 

In the present cohort, the mortality rate of patients with 

EPN (10.6%) was relatively lower than that reported in a 
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meta-analysis of studies published before the mid-2000s 

(25%) [15]. On the other hand, it was similar to that reported 

in recent studies, reporting mortality rates from 6% to 12.5% 

[12,16,19]. These differences might be attributable to 

advances in imaging technologies, interventional procedures, 

and antibiotics. In addition, other factors, including 

ethnicity, regional characteristics, and the medical care 

system, might have had impacts. 

Several studies have investigated patients with EPN, but 

the number of patients in these studies was relatively small 

due to the rarity of the disease. To the best of the authors’ 

knowledge, this cohort was the largest for assessing EPN 

compared to those included in previous studies. A limitation 

of this study was the risk of potential bias inherent to 

retrospective studies. On the other hand, the present study 

consisted of a large, homogeneous, recent group of patients 

who were evaluated and treated at multiple high-volume 

centers in Korea. Therefore, these results might better reflect 

the current EPN treatment trends and outcomes and might 

also be useful for patient counseling and treatment 

decision-making for patients with EPN.

CONCLUSIONS

This study found that EPN had a relatively high treatment 

success rate with medical management combined with 

minimally invasive management. The proportion of patients 

who underwent minimally invasive management tended to 

increase gradually with time. In contrast, the proportion of 

those who underwent surgical management tended to 

decrease gradually with time in Korea. The mortality rate 

of patients with EPN in the present study was relatively lower 

(10.6%) than that in studies published before the 2010s, 

possibly because of the advances in imaging technologies, 

medical procedures, and antibiotics. 
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