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Abstract
Urinary tract infections are commonly encountered and managed worldwide, and 
emphysematous pyelonephritis  (EPN) is among the most serious types of urinary tract 
infections. EPN is an acute necrotizing infection of the kidney, often associated with high 
rates of renal loss and mortality. The symptoms of EPN infection can be nonspecific, but 
the clinical triad of fever, flank pain, and nausea represent the most common presentations. 
The diagnosis and classification are performed with the assistance of computed 
tomography  (CT). The imaging‑based classification system created by Huang and Tseng 
is widely used in clinical assessments. They defined EPN into four different class  (1–4), 
with the higher number the more severe disease. Optimal EPN treatment is controversial, 
with emergent nephrectomy suggested during early studies, whereas more recent evidence 
favors more conservative approaches. Escherichia coli, Klebsiella pneumoniae and Proteus 
mirabilis are most common pathogens. The initial use of broad‑spectrum antibiotics such 
as Third‑or fourth‑generation cephalosporins and carbapenems are recommended. Diabetes, 
obstructive uropathy and hypertension are the most common risk factors and often need 
treatment together. Emergent drainage is indicated with a larger‑sized drainage tube to 
achieve better drainage function. CT guidance has a better success rate than insertion under 
the guidance of ultrasonography. Nephrectomy should be reserved as the last resort for those 
who fail to respond to conservative therapy. This review aims to provide comprehensive, 
evidence‑based recommendations for the diagnosis and management of this life‑threatening 
urological infection.
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with EPN for use as a reliable resource when determining 
the course of care.

Presentation and diagnosis
The symptoms of EPN infection can be nonspecific, but 

the clinical triad of fever, flank pain, and nausea represent 
the most common presentations. Patients may also present 
with renal colic or hematuria. In cases of severe sepsis, 
patients may present with conscious disturbance. A  history of 
urolithiasis or urinary tract malignancy may also be associated 
with the occurrence of EPN  [10,11]. Costovertebral angle 
tenderness is often present in cases of severe infection, and if 
the gas reaches the subcutaneous layer, subcutaneous crepitus 
may be noticeable during the physical examinations. Blood 

Introduction

Emphysematous pyelonephritis  (EPN) is a serious kidney 
infection associated with very high rates of renal loss 

and mortality. EPN is an acute necrotizing infection of the 
renal parenchyma and surrounding tissues. Gas may present 
in the renal parenchyma or collecting system or in the 
perinephric fat  [1,2]. Diabetes mellitus is the most relevant 
risk factor, presenting in  >90% of EPN patients  [3,4]. EPN 
was first reported in 1898 by Kelly and MacCallum [5] and 
was named by Schultz and Klorfein [6] more than 60  years 
later due to gas accumulation characteristics. EPN is a life 
threatening disease, with reported mortality rates ranging 
from 40% to 90% [7,8]. EPN treatment options have evolved 
over time, ranging from aggressive operations to more 
conservative therapy approaches consisting primarily of 
drainage and medication  [9]. We provide an evidence‑based 
review of the clinical presentation, diagnosis, treatment 
modalities, risk factors, and prognostic factors associated 
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test abnormalities include leukocytosis, thrombocytopenia, 
elevated creatinine levels, high C‑reactive protein levels, 
high procalcitonin levels or hypoalbuminemia. Pyuria and 
hematuria can also be detected by urinalysis. The clinical 
presentations were summarized in Table  1. The collection of 
the urine and blood cultures should always be performed prior 
to antibiotic administration [1,3]. Patients may present variable 
symptoms and depends on the extent of renal involvement. 
And the disease may have an insidious onset and may rapidly 
progress to severe sepsis or septic shock.

Imaging studies are necessary when diagnosing EPN. 
Conventional abdominal X‑ray plan film can only be used 
to detect abnormal gas shadows  (crescentic configuration) 
in approximately 30% of cases. Ultrasonography is a better 
choice than abdominal films and can usually be used to 
detect the presence of an enlarged kidney with hyperechoic 
gas accumulations in the renal parenchyma or collecting 
system  [12,13]. On gray‑scale ultrasound, a highly echogenic 
area with an associated ring down artifact, commonly referred to 
as dirty shadowing, indicates the presence of gas bubbles. The 
abscess presents as a hypoechoic well‑circumscribed mass with 
poor through transmission. There will be no internal vascular 
flow on Doppler. Low‑level internal echoes means hemorrhage 
or infection debris different from gas formation [14].

Urologic computed tomography  (CT) is the most valuable 
examination for EPN, which can be used to identify the 
infected kidney and gas accumulation, and provide an accurate 
assessment of the extent of infection. The characteristic 
findings include intraparenchymal, intracalyceal, or intrapelvic 
gas, often extending into the subcapsular space or across 
Gerota’s fascia. Furthermore, CT can be used to detect 
possible ureteral obstructions and urolithiasis, which are often 
associated with EPN occurrence. On CT, infected kidneys 
appear heterogeneous and embedded with hypodense abscesses 
containing fluid and gas [12].

An imaging‑based classification system was first described 
in 1996 by Wan et  al.  [15], who distinguished EPN into 
two groups based on the detection of fluid and gas patterns 
in the CT findings. Class  I refer to those cases that present 
with parenchymal destruction, with either the absence of fluid 
collection or the presence of streaky or mottled gas. Class  II 
refers to those cases with either the renal or perinephric 
collection of bubbly or localized gas or gas in the renal 
collecting system. Class  I is typically associated with poor 

prognosis and a higher mortality rate than Class  II  [8]. In 
2000, Huang and Tseng [10] reported another classification 
system bases on CT findings, which is currently widely used 
in clinical assessments. Because most current research studies 
use the Huang and Tseng definition, all further discussions 
in this review will also reference this classification system. 
Huang and Tseng focused primarily on the gas distribution: 
In Class  1, the gas is present only in the renal collecting 
system; in Class 2, the gas is present in the renal parenchyma, 
without extension to the extrarenal area; in Class  3A, gas or 
abscess are present in the perinephric space; in Class  3B, gas 
or abscess are present in the pararenal space; and in Class  4 
bilateral involvement can be observed. The clinical pictures 
were showed in Figures  1 and 2. An increase in the gas 
distribution reflects an increase in the infection area, which is 
associated with an increase in the mortality rate, with Class 4 
having the worst outcomes.

The diagnosis of EPN is difficult on magnetic resonance 
imaging  (MRI). The typical characteristic is still the presence 
of gas in the renal parenchyma or peri‑renal tissues. The free 
gas presents as signal voids on both T1‑and T2‑weighted 
images  (WI). The use of contrast injection could be useful 
to assess the degree of renal destruction  [16,17]. The most 
valuable finding for MRI in such patients refer to the evaluation 
of abscess and the structure of kidney. The abscess could 
appear initially as small wedge‑shaped or round nonenhancing 
area. The margin is often poorly defined. It typically show low 
and inhomogeneous signal intensity on T1‑WI and high signal 
intensity on T2‑WI. The abscesses usually show high signal 
on diffusion‑weighted image and apparent diffusion coefficient 
value. The extend of abscess and degree of kidney destruction 
could be well evaluated by multiplanar MRI [18,19].

Pathophysiology
The most common pathogens associated with EPN occurrence 

are facultative anaerobes. Among these bacteria, Escherichia 
coli is the mostly commonly isolated pathogen  (49%–67%), 
followed by Klebsiella  (20%–24%), Proteus  (5%–18%), 
Enterococcus  (14%), and Pseudomonas  (5%)  [9]. In relatively 
rare cases, Candida species have been detected, including 
Candida albicans, Candida parapsilosis, and Candida 
tropicalis  [20‑22]. Interestingly, polymicrobial infections are 
seldom observed in EPN cases, with only 4%–24% of patients 
reported as harboring multiple pathogens. In current studies, 
high tissue glucose levels and poor tissue oxygenation due 
to microvascular disease are thought to underlie bacterial 
propagation and disease progression, resulting in EPN being 
commonly associated with diabetes  [23]. The typical findings 
of gas accumulation in EPN are attributable to the production 
of gases, including hydrogen, carbon di‑oxide, and nitrogen, 
during the fermentation of glucose and lactate by microbial 
organisms [10].

Management strategies
Antibiotics

The treatment of serious infections should always begin 
with aggressive resuscitation, including the provision 
of adequate intravenous hydration, oxygen supply, 

Table 1: Summarize of the clinical symptoms of 
emphysematous pyelonephritis
Clinical symptoms Abnormal laboratory data
Fever (most common) Pyuria (common)
Flank pain (most common) Hematuria (common)
Nausea (most common) Leukocytosis (common)
Renal colic Thrombocytopenia
Hematuria Elevated creatinine levels
CV angle tenderness High C‑reactive protein levels
Conscious change (in severe cases) High procalcitonin levels
Subcutaneous crepitus (in severe cases) Hypoalbuminemia
CV: Costovertebral, EPN: Emphysematous pyelonephritis
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insulin‑mediated blood sugar control, and broad‑spectrum 
antibiotics. Empiric antibiotics can reduce mortality in cases 
of gram‑negative systemic infections. The choice of antibiotics 
must be effective against common bacteria such as Escherichia 
coli, Klebsiella pneumoniae and Proteus mirabilis. Other 
causative organisms include Pseudomonas aeruginosa and 
Enterococcus species. The preferred single‑agent treatment 
for EPN should be effective against these most common 
pathogens. Third‑or fourth‑generation cephalosporins and 
carbapenems are recommended. Combination therapy, such 
as the use of amikacin and third‑generation cephalosporin, 
is an alternative strategy due to low resistance rates among 
E. coli, K. pneumoniae and P. mirabilis. The additional use of 
gentamycin is inappropriate and not recommended [24].

The increasing global use of antibiotics has resulted in 
the increased incidence of drug resistance, which represents 
another issue for consideration. Bacteria that produce 
extended‑spectrum beta‑lactamase  (ESBL) reduce the 
effectiveness of third‑generation cephalosporin. In cases 
of severe bacteremia caused by ESBL‑producing species, 
the initial use of third‑generation cephalosporin is often 
insufficient and ineffective  [25]. Fluoroquinolones have 
previously been recommended as a good treatment option for 
urinary tract infections; however, the excessive use of this 
agent has resulted in high levels of resistance. The reported 
resistance rate was  >20% among common uropathogens in 
current research  [26]. Therefore, fluroquinolones should be 
avoided as first‑line empiric treatments for EPN. Due to a 
lack of general consensus, the use of antibiotics should be 
guided by the patients’ clinical status and the common bacteria 
endemic to the geographic region.

The duration of antimicrobial therapy is another important 
issue. Unfortunately, there is currently no report on the 
duration of antibiotics specifically for EPN. But we can still 
find the answer in the literatures about urinary tract infections. 
According to the treatment guidelines of the European 
Association of Urology on urological infections  [27], EPN 
can be classified as complicated urinary tract infection or 
urosepsis. In these two groups, treatment for 7–14  days is 
generally recommended. But the duration should be closely 

related to the treatment of the underlying disease. Therefore 
we recommend continuous use of antibiotics for 2  weeks in 
treating these patients. In mild disease, antibiotics therapy for 
at least 1 week is still necessary.

Drainage
Antibiotics alone are not sufficient to treat EPN, and 

the mortality risk remained high in patients treated with 
antibiotics alone  (19%) compared with patients provided 
with adequate drainage through the placement of a ureteral 
stent or percutaneous nephrostomy tube  (PCN)  (9%) in early 
reports  [28]. In the initial report by Huang and Tseng  [10], 
all patients with Class 1 and 2 EPN required PCN or ureteral 
stents. More recently, evidences has suggested that patients 
with less severe symptoms  (such as Class  1 and 2 EPN) 
and no urinary obstructions can achieve excellent outcomes 
without drainage  [29‑31]. However, even among patients 
without obvious obstruction, the insertion of a ureteral stent or 
PCN was still associated with better outcomes compared with 
antibiotic treatment alone. In addition, improved drainage can 
provide a better understanding of the underlying pathogens 
associated with each case. Furthermore, PCN was shown 
to preserve renal function in the affected kidney in 70% of 
cases [32].

To achieve better drainage, a larger‑sized drainage tube 
has been advised, ideally inserted under CT guidance, which 
has a better success rate than insertion under the guidance 
of ultrasonography  [33]. Multiple catheters should be used 
in loculated abscesses or in cases of multiple abscesses. The 
drainage tube should remain in place until a follow‑up CT 
shows the resolution of EPN features. A follow‑up CT scan is 
recommended 4–7 weeks after the initial treatment to evaluate 
the outcome and determine the need for further invasive 
procedures  [34]. Unfortunately, despite evidence that medical 
management combined with adequate drainage provides better 
therapeutic outcomes, which type of drainage is optimal 
remains unknown due to a lack of comparative studies. As 
most published evidence is based on the use of PCN, medical 
management combined with PCN can be regarded as the 
standard therapy for patients with mild illness.

Nephrectomy
The treatment preferences for EPN have changed a great 

deal over the past 20  years. In early studies, nephrectomy 

Figure  1:  (a) Computed tomography scans of a 55‑year‑old female with right 
side class 2 emphysematous pyelonephritis; (b) Computed tomography scan of a 
68‑year‑old male with left side class 2 emphysematous pyelonephritis and renal 
stones

a b Figure  2:  (a) KUB and  (b) computed tomography scan of a 49‑year‑old male 
with left side severe emphysematous pyelonephritis  (class  3B), large amount 
retroperitoneal gas acumination and kidney destruction

a b
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was considered to be the optimal treatment strategy for 
EPN management, and some reports demonstrated increased 
mortality with medical therapy compared with surgery 
therapy  [3,35]. However, surgery is often poorly tolerated 
during the acute phase due to poor hemodynamic status. 
Ahlering et  al.  [36] reported a high mortality rate of 42% 
after emergent nephrectomy. Kapoor et  al. [37] also reported 
that early nephrectomy was associated with a higher mortality 
rate compared with the initial conservative treatment  [36]. 
Figure  3 showed our recommendation for the management 
algorithm of EPN. Currently, the preferred treatment of 
EPN has evolved from invasive operations toward more 
conservative approaches, which is likely due to improvements 
in imaging modalities and antibiotic use and advancements 
in drainage technology, which have combined to reduce 
the mortality rate associated with EPN to 21%  [8,31]. 
Aboumarzouk et  al. [38] conducted a meta‑analysis that 
compared emergent nephrectomy, percutaneous drainage 
and medical management alone. Their overall mortality rate 
was approximately 18% and both percutaneous drainage and 
medical management alone were associated with significantly 
lower mortality rates than emergent nephrectomy. Although 
nephrectomy has become a less popular first‑line treatment 
option, it remains an important treatment strategy for 
patients who fail conservative therapy. In patients with poor 
EPN control  (especially Class  3 and 4  patients) who fail to 
respond to medical management and percutaneous drainage, a 
subsequent nephrectomy remains necessary. The use of routine 
subsequent nephrectomy after infection control in severe EPN 
was not support by current evidence. Nephrectomy can be 
simple, radical or laparoscopic depending on patients’ health 
status and the extent of disease  [32]. Among patients who 
undergo nephrectomy after failing conservative therapy, the 
overall mortality was  <10%. In consider about removing the 

destructed kidney after infection control to avoid recurrent 
EPN. There’s only rare case reports mentioned about recurrent 
EPN and recurrent urinary tract infection after complete 
infection control  [39,40]. The interval of different episodes is 
about 1–4 years. The maximum number of relapses is three. In 
current evidence, there’s no risk of lifelong serious infection. 
Therefore, the current treatment recommendations emphasize 
the initial use of conservative treatment strategies, including 
endoscopic or percutaneous drainage, to attempt renal 
preservation, and nephrectomy should be reserved for those 
who fail to respond to this approach [22,33].

Risk factors and prognostic factors
The most common risk factors for EPN include 

diabetes  (75%–96%), obstructive uropathy  (29%–49%), and 
hypertension  (39%)  [22,23]. A  high average hemoglobin A1c 
level (9.2%) was also reported among EPN patients. Glucosuria 
nourishes the growth of glucose‑fermenting microbes, 
ultimately leading to the development of a necrotizing 
infection with gas formation  [10]. Urinary tract obstructions 
decrease the renal blood flow and tissue perfusion, which can 
worsen the infection. Immunocompromising diseases, such 
as alcohol abuse, acquired immunodeficiency syndrome, or 
tuberculosis, are often diagnosed among nondiabetic EPN 
patients [31]. Previous urologic procedures, hospitalization and 
a history of antibiotic use during the prior year do not appear 
to be relevant risk factors for EPN development. Female 
sex is another risk factor for EPN because women typically 
have higher rates of urinary tract infections than men. The 
left kidney is more frequently involved than the right, with 
reported infection rates of 52% on the left‑side, 37.7% on 
the right‑side and 10.2% bilateral  [37]. The risk factors were 
summarized in Table 2.

Geographical distribution is also reported as possible risk 
factors due to the highest numbers reported from Asia  [41]. 
Although rare, it is still reported in the western country  [19]. 
Arsene et  al. [42] and Sanford et  al. [43] reported the high 
association with EPN and urinary tract obstruction caused by 
urolithiasis. In the United States, urinary tract obstructions 
caused by renal calculi were the other important risk factors 
same as diabetes. The urinary tract stone obstruction often 
results in acute infection of the kidney and associated with 
upper urinary tract damage. EPN could happen after persistent 
obstruction without adequate drainage  [9]. Noncontrasted CT 

Table 2: Summarize of the risk factors of emphysematous 
pyelonephritis
Risk factors of EPN Risk factors of poor outcomes
Diabetes Advanced age
Obstructive uropathy Altered mental status
Urolithiasis Thrombocytopenia
Hypertension Severe proteinuria
Female sex Acute renal failure

Hypoalbuminemia
High grade EPN
Polymicrobial infections
Shock

EPN: Emphysematous pyelonephritisFigure 3: Management algorithm of emphysematous pyelonephritis
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is the gold standard for the diagnosis of urolithiasis. Yagihashi 
et al. [44] had reported that a delayed nephrogram or excretory 
phase was associated with a 6.7‑fold high risk of bacteremia 
such patients with stone obstruction. However, contrasted 
CT scan was still used widely in the emergent department 
to get more differential diagnosis. In addition to detecting 
the stones, CT scan provides the degree of hydronephrosis 
and retroperitoneal fat stranding. Emergent decompression 
for infection control was usually needed prior to the stone 
managements.

Factors associated with poor outcomes and higher 
mortality rates include advanced age, altered mental 
status, thrombocytopenia, severe proteinuria, acute renal 
failure, shock  (systolic blood pressure  <90  mmHg), 
hypoalbuminemia  (serum albumin  <3  g/dL), polymicrobial 
infections and severe hyponatremia  [Table  2]  [2,3,22,36,45]. 
Other common parameters related to infection, such as 
glycaemia, hemodynamic instability, leukocytosis, and 
coagulopathy, do not appear to be associated with EPN 
prognosis. The presence of hydronephrosis, urolithiasis, and 
bacteremia do not appear to affect the outcome. CT‑based 
classifications can also be used to indicate the degree of 
the infection. Among patients with more severe diseases, 
higher rates of both nephrectomy and mortality were noted. 
The destruction of  >50% of the renal parenchyma  (typical 
of Class  3), based on CT findings, was reported to be a 
significant predictor of nephrectomy and death  [36]. In 
addition, to predicting overall mortality, some laboratory data 
can be used to predict the response to medical management. 
Low hemoglobin levels, low platelet counts, and severe 
proteinuria were reported as independent risk factors for the 
failure of conservative treatments [46].

Conclusions
EPN is a serious infection characterized by gas‑forming 

renal destruction. E.  coli is the most commonly isolated 
pathogen. Diabetes is the most common risk factor. CT 
evaluation is the current preferred diagnostic methods, 
and the results can be used to classify the severity of 
EPN. The recommended treatment strategy has shifted 
from emergent nephrectomy toward first‑line conservative 
therapy, which often combines medical management with 
the use of percutaneous drainage. Most patients with EPN 
can be successfully treated using a minimally invasive 
approach. The presence of advanced age, altered mental 
status, thrombocytopenia, severe proteinuria, acute renal 
failure, shock, hypoalbuminemia, polymicrobial infections 

and severe hyponatremia are predictors of poor outcomes. 
Emergent nephrectomy is not recommended; however, delayed 
nephrectomy may be necessary if conservative treatment fails. 
The treatment recommendations based on current evidence 
were list in Table 3.
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