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Abstract

Emphysematous pyelonephritis is a urologic emergency characterized 

by an acute necrotizing, perinephric, and parenchymal infection caused 

by gas-forming uropathogens. It is considered a rare entity, with grea-

ter incidence in developing countries. Even though its pathogenesis is 

not fully understood, there are several well-identified factors involved 

in the spectrum of elements that result in the production of gas in the 

renal parenchyma. Various poor outcome factors associated with a high 

mortality rate have been described in different cohorts. The treatment 

of those patients can typically be divided into medical management, 

medical management plus endoscopic or percutaneous drainage, and 

emergency nephrectomy. Nevertheless, given that there are very few 

guidelines or treatment algorithms, there is no consensus on the mana-

gement of patients with emphysematous pyelonephritis.
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Introduction 

Emphysematous pyelonephritis is a urologic 

emergency characterized by an acute necrotiz-

ing, parenchymal, and perinephric infection 

caused by gas-forming uropathogens.(1) The 

majority of authors of the different reviews 

categorize it as “life-threatening”, warranting 

special attention, given its potential mortal-

ity attributable to septic complications and 

the variable clinical nature characteristic of 

this type of patient. (1-2)  In recent decades, the 

implementation of septic patient management 

algorithms and less aggressive diversion treat-

ments, has resulted in a general overall mortal-

ity rate of  21%, compared with the 43-78% rate 

in the 1970s and 1980s, when the only treat-

ment was emergency nephrectomy. (3)

Historic perspective

Kelly and MacCallum described the first case of 

gas-forming kidney infection in 1898 and terms 

such as “renal emphysema” and “pneumone-

phritis” were used to describe that gas-forming 

infection.(2) In 1962, Schultz and Klorfein pro-

posed the term “emphysematous pyelonephri-

tis” as the preferred name, thus emphasizing 

the relation between the infectious pathology 

and the formation of gas.(2-3) Many research-

ers suggested that  the term “emphysematous 

pyelonephritis” should be applied only to the 

formation of gas in the renal parenchyma or 

perinephric space, but other authors, such as 

Huang and Tseng stressed the fact that the pa-

thology encompassed the presence of gas in the 

collecting system, as well. (1)

Epidemiology

There are no epidemiologic studies to specify 

the prevalence of emphysematous pyelone-

phritis because it is considered a rare entity. 

It is not unusual to find anecdotal case reports 

on said pathology in journals from developed 

countries, but there is a marked contrast with 

the reviews of case series from developing 

countries, such as the studies by   Wan et al., 

with 38 patients in 7 years,  and Huang and 

Tseng, with 46 patients in 8 years.1,3  Their 

studies are the most representative, given that 

not only do they describe the presentation of 

the pathology, but they also correlate the most 

important clinical and radiologic data with the 

mortality rate. There are currently new case 

reports, such as the study by Aswathaman et 

al.,(4) with 41 patients evaluated over a 6-year 

period, and the analysis by Kapoor et al.5 with 

39 patients and a 4-year time frame. Modeled 

after the studies by Wan and Huang, they 

aimed to establish management guidelines in 

accordance with the results of the different 

treatment modalities, depending on the initial 

clinical, biochemical, and radiologic aspects. In 

Mexico, Olvera et al.(6) conducted a multicenter 

study in which they reported the experience 

of 3 tertiary care centers in the management 

of patients with emphysematous pyelonephri-

tis, with a total of 62 patients, within the time 

frame of 2005 to 2012.

Risk factors

Emphysematous pyelonephritis is more fre-

quent in women, with a 6:1 ratio. The mean 

patient age at disease presentation is 55 years.
(1-2) The predisposition to females is thought to 



3

 
Emphysematous pyelonephritis: A review of its pathophysiology... Muñoz-Lumbreras, E. G., et al.

Revista Mexicana de URología ISSN: 2007-4085, Vol. 79, N. 1, january-february 2019: pp. 1-13.

be related to the higher incidence of urinary 

tract infections in that sex. The left kidney is 

more commonly affected (67%) than the right 

(23%), and bilateral presentation is the rarest 

of all, with a frequency of 5 to 6%.(2) 

Diabetes mellitus is the most frequently 

associated risk factor, presenting in up to 85% 

of the cases.(1-2) Close to 95% of the patients 

with emphysematous pyelonephritis that have 

diabetes mellitus, have poor glycemic control. 

High glucose levels in uncontrolled diabetic 

patients have been postulated to inhibit leuco-

cytic function, worsening the response to an 

infection. (2-4) In addition to diabetes, many pa-

tients present with urinary tract obstruction as-

sociated with numerous anatomic and functio-

nal urinary tract pathologies that do not allow 

adequate urine flow. One of the most common 

causes of obstruction is urolithiasis. The risk 

for developing emphysematous pyelonephritis 

secondary to urinary tract obstruction is 25 to 

40%.(1-2) For example, hydronephrosis increases 

the pyelocaliceal pressure, compromising renal 

circulation, causing inadequate flow of the gas 

that is formed, with the consequent formation 

of gas bubbles that expand and result in tissue 

damage.(7)

Microbiology

The most frequently found causal microbio-

logic agent is Escherichia coli (E. coli), which 

has been identified in 70 to 75% of cultures of 

urine, blood, and pus.(1-2)

Tseng et al. conducted a study that attemp-

ted to identify specific virulence factors in the 

E. coli strains that were key in the formation 

of gas and the presentation of emphysematous 

pyelonephritis. They compared E. coli isolated 

in patients with non-emphysematous pyelo-

nephritis with E. coli isolated in patients that 

had emphysematous pyelonephritis.(7) They 

found no significant gas-producing factors in 

the comparison of the two groups. Likewise, 

the virulence factors evaluated were very si-

milar in both groups, with the exception of a 

decrease in the “papG II” gene and a decrease 

in the “usp” gene in the emphysematous pye-

lonephritis group, but with borderline results. 

Those authors concluded that the most impor-

tant factors for the presentation of emphyse-

matous pyelonephritis were those of the hosts, 

themselves (diabetes mellitus, poor glycemic 

control, and urinary tract obstruction), as 

opposed to specific bacterial virulence.(7-8)   

After E. coli, the most frequently found mi-

croorganisms were: Klebsiella pneumoniae (20-

30%), Proteus mirabilis (10%), group D Strepto-

coccus, and coagulase-negative Staphylococcus. 

Other microorganisms have been found, but 

much less frequently, such as: Clostridium sep-

ticum, Cryptococcus neoformans, Candida albi-

cans, and Pneumocystis jirovecii. (1-3) 

Pathophysiology

The pathogenesis of emphysematous pyelone-

phritis is not well-understood, and several fac-

tors are involved in a spectrum of elements that 

result in the production of gas in the renal pa-

renchyma. Said gas can be focal or diffuse and 

can be located solely in the collecting system 

or can also affect the perinephric or pararenal 

spaces.(1,2,7)

The most widely accepted elements that 

play an essential role in the pathogenesis of 

emphysematous pyelonephritis are:(1-2)

•	 High	glucose	levels.
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•	 The	 presence	 of	 gas-forming	 microorga-

nisms.

•	 Alterations	 in	 the	 vasculature	 that	 condi-

tion deficient blood irrigation.

•	 Alterations	 in	 the	 immune	 system	 of	 the	

patient.

•	 The	presence	of	obstruction	to	the	flow	of	

urine due to an anatomic, functional, or pa-

thologic alteration.

There are several theories about the patho-

physiology of emphysematous pyelonephritis: 

•	 The	 introduction	 of	 gas	 through	 trauma,	

fistulas, or invasive urinary procedures (Fi-

gure 1). This theory is the least accepted, 

given that the presentation of the disease 

due to any of those situations would be 

rare. However, there have been documen-

ted cases of emphysematous pyelonephritis 

in patients with histories of renal trauma 

and kidney hematomas, albeit its appearan-

ce was also favored by other factors.(2,7)

Figure 1. Theory 1. The solution of urinary tract 
continuity, with the consequent entrance of air, has 
been stipulated as a probable origin of EPN, but that 
does not explain the origin in the majority of cases.

•	 A	second	theory	involves	glucose	fermen-

tation. It is posited that the renal medulla 

is normally hypoxemic, especially in dia-

betic patients or those with some type of 

pre-existing kidney damage, creating a 

greater decrease in oxygen pressure and 

an increase in anaerobic metabolism. That 

situation is taken advantage of by gas-for-

ming bacteria, such as E. coli, to ferment 

glucose and consequently produce lacta-

te, carbon dioxide, and hydrogen (Figure 

2).(1-2) Other identified gases are nitrogen, 

oxygen, traces of ammonia, methane, and 

carbon monoxide.(7) The transport of the 

gas produced by the rapid catabolism leads 

to the accumulation of tissular gas. That 

accumulation gradually expands, creating 

gas bubbles. In some cases, the infectious 

process and production of gas are so severe 

that they can spread to the entire retrope-

ritoneal region. There have been reported 

cases of extension to the spermatic cord, 

scrotum, and even intraperitoneal air dis-

section.(2,7)

Figure 2. High glucose levels, low tissular glucose 
levels, low oxygenation levels, and obstruction are 
the essential basic elements in the pathophysiology 
of emphysematous pyelonephritis. 
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•	 A	 third	 theory	 points	 toward	 the	 produc-

tion of gas through the necrotic tissue that 

resulted from the inflammatory and infec-

tious process, as well as the destruction of 

the parenchyma, favored by the expansion 

of gas and the poor vascular supply.(2,7)

Figure 3. The inflammatory and infectious process 
destroys the renal parenchyma, forming necrotic 
tissue that produces gas during its formation 
and expands, necrotizing even more tissue and 
perpetuating the cycle.

Clinical picture

Almost all the patients present with fever, vom-

iting, lumbar pain, and dysuria. Sometimes 

symptomatology is vague and very nonspecific.
(2-4) The duration of prodromal symptoms can 

vary from days to weeks. Less common symp-

toms include dyspnea, crepitation, and pneuma-

turia,(8-10) and there can also be an altered state 

of alertness and signs consistent with septic 

shock. Bacteremia presents in more than 50% of 

the cases of emphysematous pyelonephritis.(10) 

There have been atypical cases in which symp-

toms mimic those of bowel obstruction, cases 

of symptoms of gas extension to the pancreas 

and vertebral discs, and cases of post-transplan-

tation kidney graft involvement.(10-15)

Biochemical profile and outcome factors 

Biochemically, there are signs of leukocyto-

sis (70-80%), thrombocytopenia (15-20%), 

altered acid/base balance in gasometric tests, 

acute kidney dysfunction, hyperglycemia, 

gross hematuria, microscopic hematuria, and 

proteinuria.(1-6)

Urine culture results are always positive 

and E. coli is the most frequent microorga-

nism identified.  Klebsiella and Proteus bacteria 

are detected less frequently.(3-6) Cultures with 

mixed bacterial growth and even cultures with 

no bacterial growth have been reported.(8-9)

Various risk factors directly related to mor-

tality have been studied in different cohorts. 

The presence of diabetes mellitus has been 

clearly identified as a risk factor for the deve-

lopment of the disease, but numerous studies 

do not identify it as a significant predictive risk 

factor for mortality associated with emphyse-

matous pyelonephritis.(16-18) Similarly, in rela-

tion to greater mortality, there is no well-es-

tablished association with nephrolithiasis,  E. 

coli or Klebsiella infection, age above 50 years, 

female sex, a history of urinary tract infections, 

or alcoholism.(13-16)

Systolic blood pressure below 90 mmHg, 

altered state of consciousness, increased serum 

creatinine levels, thrombocytopenia, hypona-

tremia, need for hemodialysis, and the perfor-

mance of emergency nephrectomy have been 

found to be associated with greater mortality.
(1-6,17-19) Type I disease, as classified by Wan et 

al., was associated with worse outcome due to 

a fulminant clinical course and more extensi-

ve parenchymal damage.(3) Likewise, the use of 

medical therapy, alone, was related to worse 

outcome.(17-19)

In several studies, thrombocytopenia was 

one of the most consistent poor outcome fac-

tors(1-6) due to disseminated intravascular coa-

gulation that especially presents in the more 

severe cases. Many of them have prolonged 
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coagulation times and increases in serum fibrinogenic degradation products. Altered state of cons-

ciousness can arise from central nervous system dysfunction secondary to poor perfusion or to 

metabolic factors.(5-6) Shock is a sign of cardiovascular system collapse. All those signs represent 

dysfunction of the hematologic, renal, central nervous, and cardiovascular systems. (1-6,17-19)

Table 1. Poor outcome factors associated with a higher mortality rate found in the most sig-
nificant case series. 

Wan, et al.(3) 

1998
Huang and Tseng (1) 

2000
Falagas, et al.(19) 

2007
Aswathaman, 

et al.(4) 

2008

Kapoor, et al.(5) 

2009
Olvera, et 

al.(6) 

2014

Thrombocytopenia 
(p= .001)

Short time of 
symptom onset 
before diagnosis 

(p= .002)

Exclusive use of 
medical treatment 

OR 2.85 
(p= .02)

Thrombocytopenia 
(p= .001)

Altered state of 
consciousness 

(p= <.001) 

Age OR .11 
(p= .009)

Compromised 
kidney function 

(p= .0003)

Thrombocytopenia 
(p= <.01)

Bilateral 
emphysematous 

pyelonephritis OR 
5.36 

(p= .001)

Shock 
(p= .028)

Thrombocytopenia 
(p= .01)

Raised 
creatinine 

levels 
OR 1.53 

(p= .009)

Microscopic 
hematuria 
(p= .029)

Compromised 
kidney function 

(p= .05)

Huang & 
Tseng  type 1 

emphysematous 
pyelonephritis  OR 

2.53 
(p= .02)

Altered state of 
consciousness 

(p= .007)

Compromised 
kidney function 

(p= .01)

Need for 
emergency 

nephrectomy 
OR 6.12 
(p= .03)

Wan type 1 
emphysematous 
pyelonephritis 

(p= .002)

Altered state of 
consciousness 

(p= < .01)

Thrombocytopenia 
OR 22.68 

(p= <.001)

Need for 
emergency 

hemodialysis 
(p= .028)

Hyponatremia 
(p= .002)

Shock 
(p= .01)

Systolic pressure 
below 90 mmHg 

(p= .01)

Destruction of 
more than 50% 

of the renal 
parenchyma 
(p= <.0001)

Raised creatinine 
levels 

(p= .05)

Early nephrectomy 
(p= .01)

Creatinine above  
2.5 mg/dl 
(p= .01)

Altered state of 
consciousness 

(p= .01)
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Radiologic diagnosis

Diagnosis is confirmed through radiologic 

studies. Abdominal x-ray can identify tissular 

gas distributed in the parenchyma that appears 

as gaseous shadows over the compromised kid-

ney (Image 1).(2) That finding is often confused 

with intestinal gas. A collection of gas in the 

shape of a half moon over the upper pole of 

the kidney is more specific.(1-2)As the infection 

advances, the gas extends into the perinephric 

space and the retroperitoneum.

Ultrasound can show strong, localized 

echoes that suggest the presence of intraparen-

chymal gas.(1-2)

Image 1: a) Plain abdominal x-ray clearly showing the presence of gas in both kidneys, extending to the 
ureters.

Computed tomography is the diagnostic imag-

ing study of choice for defining the extension 

of the emphysematous process and can aid in 

treatment selection. The absence of fluid in the 

tomographic images or the presence of striated 

or mottled gaseous patterns with accumulated 

gas bubbles or septa appear to be associated 

with rapid destruction of the renal parenchyma 

and a mortality rate of 50 to 60%.(1-3) The pres-

ence of fluid in the renal or perinephric space 

with gas in bubbles or between the septa in the 

collecting system and the presence of striated 

or mottled gaseous patterns are associated with 

a mortality rate under 20%.(1-3) Obstructions 

are identified in about 25% of the cases. Some 

authors think kidney scintigraphy should be 

performed.(2, 20)

There are 3 radiologic classifications for 

patients with emphysematous pyelonephritis 

(Table 2). Michaeli(1) was the first to classify 

the disease according to findings in plain abdo-

minal x-ray and intravenous pyelography.  Wan 

et al.(1,3)conducted a study on a cohort of 38 pa-

tients and categorized them into two groups 

according to tomographic findings. In 2000, 

Huang and Tseng(1-2) published a new classifi-
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cation based on a more detailed tomographic description and related to the treatment for each of 

the patients. 

Table 2. Radiologic classifications of emphysematous pyelonephritis.  (1)

Classification Radiologic study Class

Michaeli(1) Abdominal radiography and 
intravenous pyelogram

I. Gas in the renal parenchyma or 
the perinephric tissue. 

II. Gas in the kidney and 
surrounding tissues. 

III. Gas extended through the 
fascia or  bilateral disease.

Wan(1,3) Computed tomography

I. Renal necrosis with the 
presence of gas, but no fluid.

II. Gas in the parenchyma, 
associated with fluid in the renal 
parenchyma, perinephric space, 
or collecting systems.  

Huang and Tseng(1-2) Computed tomography

1. Gas in the collecting system 
(Image 2).

2. Gas solely in the renal 
parenchyma (Image 2). 

3A. Gas extended into the 
perinephric space (Image 3). 

3B. Gas extended into the 
paranephric space (Image 3). 

4. Gas in a single kidney or 
bilateral disease (Image 4).

Image 2: a) Huang 1.- The presence of gas in the collecting system of the left kidney. b) Huang 2.- The presence 
of gas in the renal parenchyma.
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Image 3: a) Huang 3a.- The presence of gas in the 
perinephric space. b) Huang 3b.- The presence of 

gas in the pararenal space. 

Treatment

Treatment for patients with emphysematous 

pyelonephritis can generally be divided as fol-

lows:(1-4,6)

•	 Medical	management	(MM)

•	 MM	+	Endoscopic	or	percutaneous	drainage	

•	 Emergency	nephrectomy

Resuscitation maneuvers, opportune admi-

nistration of intravenous fluids, correction of 

acid/base and fluid and electrolyte imbalances, 

glycemic control, and early intravenous admi-

nistration of antibiotics are the basis of treat-

ment in patients with emphysematous pyelo-

nephritis.(4) It is important to maintain systolic 

blood pressure above 100 mmHg, whether by 

the administration of intravenous solutions or 

the use of inotropic agents, if necessary.(3,6,19-21) 

There are meta-analyses that compare adverse 

effects on mortality, identifying patients with 

systolic pressure of 90 mmHg as having poor 

outcome, compared with patients with an ini-

tial systolic pressure above 100 mmHg.(21-23) 

Some patients may even require ventilation su-

pport. 

Due to the fact that  Gram-negative bac-

teria continue to be the most common causal 

agents, antibiotic treatment should be directed 

at those types of microorganisms as targets, 

which is why aminoglycosides, B-lactamase in-

hibitors, cephalosporines, and quinolones are 

the antibiotics that are initially used in treating 

emphysematous pyelonephritis.(2-4,6,24) The ne-

cessary adjustments should be made, once the 

urine culture or blood culture is available, to 

optimize treatment.(24-25)

Comparative studies on medical therapy 

vs. initial surgical treatment in patients with 

emphysematous pyelonephritis revealed a mor-

tality rate of 78% between 1898-1970 and 75% 

between 1970-1982 for medical treatment. 

Surgical treatment showed significant advan-

tages in mortality with rates of 42% between 

1898-1970 and 11% between 1970-1982.(1-3) 

As a result, emergency nephrectomy plus open 

drainage with medical treatment has been a 

well-accepted therapy since the 1980s. Never-

theless, several recent meta-analyses reported 

very different results with that therapy, with 

mortality rates of 40 to 50%.(2,4-5,19,22)

In the parenchyma, pathologic findings fo-

llowing nephrectomy reveal signs of abscess in 

formation, zones of microinfarcts and macroin-

farcts, vascular thrombosis, vascular sclerosis, 

signs of intra-arterial infection, cavities at sites 

where gas is accumulated, and areas of necrosis su-
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rrounded by inflammatory cells. In addition, diabe-
tic patients are frequently identified with signs 

of glomerulosclerosis and papillary sloughing.
(2-3,23,25-26)

Some authors state that functional tests 

such as kidney scintigraphy should be perfor-

med to determine kidney function, given that 

conservative treatment or minimally invasive 

diversion therapy should be considered in pa-

tients with emphysematous pyelonephritis and 

a functioning kidney, to preserve the renal unit.
(2,18,20)

In their study published in 1986, Hudson 

et al.(27) reported on percutaneous kidney dra-

inage with a pig-tail catheter in a diabetic pa-

tient with emphysematous pyelonephritis that 

had a high risk for death from anesthesia du-

ring the surgical procedure. The patient’s cli-

nical progression was favorable, and the later 

control study showed acceptable preservation 

of the function of that kidney.  Since then, the 

great advances in the interventionist procedu-

res and their materials have made it possible for 

percutaneous drainage to be a treatment option 

in those patients.(6, 27-28)

Some studies have shown successful treat-

ments using percutaneous drainage plus medi-

cal treatment, achieving an important reduc-

tion in mortality rates.(16,27)

Additionally, the use of percutaneous dra-

inage as an option in the treatment of emphy-

sematous pyelonephritis aids in preserving the 

function of the affected kidney in approximate-

ly 70% of the cases.(27) Percutaneous drainage 

can be carried out in patients, especially those 

with very localized areas of gas or collections 

and that have zones of functional renal paren-

chyma. A tomography-guided 14 Fr pig-tail dra-

in is generally placed, which has shown greater 

success than the ultrasound-guided drain.(27-28)

There are several studies that support the 

use of drains to preserve the kidney unit. In 

a systematic review of 10 studies, with a total 

of 210 cases, Somani et al. found that medi-

cal treatment plus nephrostomy had a lower 

mortality rate (13%), compared with medical 

therapy (50%) or emergency nephrectomy 

(25%), with important statistical significance 

(p<0.001).(27) 

A multi-loculated abscess or an abscess 

with numerous collections are not contrain-

dications for percutaneous drainage. Indeed, 

even more than one catheter can be used. 

Drainage should be kept in place until control 

tomography shows the initial findings are re-

solved, which can require more than 12 wee-

ks.(25,27) The feasibility of washouts with anti-

biotic solutions through the drainage catheter 

has been described.(27) After percutaneous 

drainage insertion, some patients may still re-

quire nephrectomy. That could be the case in 

patients that do not respond favorably to treat-

ment or those whose kidney scintigram shows 

kidney exclusion during the follow-up.(25-27)

In their study conducted at 3 tertiary care 

centers on patients with emphysematous pye-

lonephritis, Olvera et al.(6) developed a manage-

ment algorithm that involved the evaluation of 

the patient and the initial treatment according 

to the “Surviving Sepsis Campaign” guidelines, 

that emphasize initial resuscitation, broad-spec-

trum antibiotic therapy, and evaluation of the 

probable origin of infection through computed 

tomography. According to that algorithm, the 

presence or not of urinary tract obstruction, of 

collections or abscess formation and of hydro-

nephrosis should be identified to consider the 

use of minimally invasive diversion therapies, 

such as double-J stents or nephrostomy, or the 

use of conservative medical treatment. In addi-
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tion, they suggest a re-evaluation of the hemod-

ynamic and biochemical status of the patients at 

12 to 48 hours to determine whether treatment 

should be continued. If there is no improvement, 

the combination of diversion methods should be 

carried out, or even emergency nephrectomy, 

as a last resort. The importance of the study by 

Olvera et al. lies in their development of an al-

gorithm based on data obtained from a Mexican 

population, but especially because it is the first 

study to apply general treatment guidelines for 

the septic patient as an initial model in the eva-

luation and therapeutic intervention of patients 

with emphysematous pyelonephritis. (6)

Conclusions

Emphysematous pyelonephritis is a potentially 

fatal disease, whose pathophysiology is due to 

numerous conditions that result in the lack of 

adequate urine flow, favoring bacterial over-

growth and the possibility of severe sepsis.

There are few significant case series that 

enable us to adequately identify the clinical 

profile of those patients or offer conclusive 

data that guide treatment direction.  

Because there are no clinical guidelines or 

treatment algorithms, there is no consensus on 

the management of those patients. However, 

key points to be considered when treating pa-

tients with emphysematous pyelonephritis are: 

the location and distribution of gas, the degree 

of kidney destruction, initial hemodynamic 

status, and poor outcome factors. 

It should be pointed out that treatment of 

the patient with emphysematous pyelonephri-

tis is not static. The very nature of the septic 

patient implies the need for dynamic manage-

ment. Therefore, we believe it is important to 

carry out strict follow-up and make decisions 

that allow an opportune change in treatment 

when it is required.  
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