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Introduction

Emphysematous pyelonephritis is a rare manifestation of 
a severe upper urinary tract infection marked by gas in the 
renal parenchyma and/or collecting system. The condition 
was first described by Kelly and Maccallum in 1898, who 

noted an association between glycosuria and pneumaturia 
in the absence of urological  instrumentation (1).  
Further studies have confirmed >90% of patients with 
emphysematous pyelonephritis have diabetes mellitus (2). 
Historically the mortality rate has been as high as 71% 
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with medical management alone and 33% if treated with 
emergent nephrectomy (3,4). Despite advances in antibiotic 
coverage, imaging, and treatment options, mortality rates 
have remained high (25% in recent series) (5). Although 
urolithiasis has been identified in 22% of patient with 
emphysematous pyelonephritis, the relationship between 
urolithiasis and disease severity has not been thoroughly 
investigated (2). In this study, we review the clinical 
characteristics, risk factors, treatments, and outcomes of 
patients diagnosed with emphysematous pyelonephritis in 
two hospitals in the United States between 2003 and 2014 
with emphasis on the impact of concomitant urolithiasis. 

Methods

After institutional review board approval, a search of all 
imaging reports from 2003 to 2014 was performed at The 
University of California San Francisco (UCSF) and San 
Francisco General Hospital. Imaging reports were queried 
for all studies containing the words “emphysematous” 
and “pyelonephritis”. Cases were excluded if there was 
recent urological manipulation or evidence of urinary 
fistula. Cases were included if there was evidence of gas 
in the collecting system, renal parenchyma, and/or the 
perinephric/paranephric space as well as a clinical diagnosis 
of pyelonephritis. Patient charts were reviewed and clinical 
data were abstracted. Clinical variables including age, 
gender, affected side, duration of symptoms, presence of 
fever, median length of hospitalization, symptoms, and 
medical comorbidities were recorded. Laboratory studies, 
microbiology data, and antibiotic therapy were also 
evaluated. Imaging studies were reviewed—computerized 
tomography (CT) had been performed on all patients. 
The CT scan was interpreted according to the imaging 
classification established by Huang et al. in which type I 
emphysematous pyelonephritis is confined to the collecting 
system, type II is confined to the renal parenchyma, type 
IIIa extends to the perirenal spaces and type IIIb extends 
to the pararenal space. Type IV is bilateral emphysematous 
pyelonephritis (6). The presence or absence of urolithiasis 
and/or hydronephrosis was also noted. All patients were 
treated initially with fluid resuscitation and antibiotic 
therapy. Patients who underwent ureteral stent placement 
did so in the operating room under general anesthesia 
with fluoroscopic guidance. Patients who underwent 
a nephrostomy tube placement did so either with CT 
guidance or a combination of ultrasound and fluoroscopic 
guidance with the interventional radiology department. 
Outcomes of each treatment modality were noted. 

Descriptive statistics were calculated using the median for 
all continuous variables and percentages for all categorical 
variables. Difference between means of continuous variables 
was analyzed using two-tailed t-test. Categorical variables 
were analyzed utilizing the Fisher Exact test. All statistical 
analysis was performed in the R environment, version 3.0.1. 

Results

A total of 14 cases were identified, 9 from UCSF and 5 
from San Francisco General Hospital. Demographic and 
clinical data are summarized in Table 1. The median age 

Table 1 Demographic and clinical data

Variable Number [%]

Median age [range] 49 [25–97]

No. women 11 [79]

No. right side 7 [50]

Median duration of symptoms (days) [range] 2 [2–21]

Hypotension (SBP <90) 3 [21]

Median length of hospitalization (days) [range] 10 [0–42]

Altered mental status 4 [29]

Medical comorbidities

Hypertension 6 [43]

Diabetes 8 [57]

History of urinary tract infection 10 [71]

History of alcoholism 1 [7]

Hepatitis 1 [7]

History of trauma 1 [7]

Symptoms on admission

Fever 5 [36]

Malaise 2 [14]

Flank pain 3 [21]

Abdominal pain 7 [50]

Nausea 2 [14]

Dysuria 1 [7]

Pneumaturia 1 [7]

Incidental imaging finding (asymptomatic) 1 [7]

Imaging classification (Huang et al.)

Class 1 8

Class 2 3

Class 3a 3

Class 3b 0

Class 4 0
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was 49 and 11 (79%) patients were female. There were an 
equal number of left and right sided cases. The median 
duration of symptoms prior to presentation was 7 days. The 
most common comorbidity was a history of prior urinary 
tract infection (71%) followed by diabetes mellitus (57%) 
and hypertension (43%). The most common presenting 
symptoms were abdominal pain (50%), fever (36%) and 
flank pain (21%). A total of 4 patients (29%) had altered 
mental status and 3 patients (21%) had hypotension at some 
point during the hospitalization. A total of 8 patients (57%) 
had concomitant urolithiasis. Median length of hospital 
stay was 10 days [0–42]. Imaging of the majority of patients 
(57%) was consistent with Huang Class 1 (gas confined to 
the collecting system). Three patients had gas in the renal 
parenchyma (Huang class II) and three patients had gas 
extending past the renal parenchyma (Huang class III). 

Laboratory data are summarized in Table 2. Median 
WBC count was 13. The median baseline creatinine was 
1.1 and median creatinine increase during hospitalization 
was 0.5. Microbiology information is summarized in Table 3.  
Nine patients (64%) had a positive urine culture from a 
single organism; the remainder had mixed urine cultures. 
E-coli was the most common organism identified (50%) 
followed by Klebsiella (21%) and Candida (14%). The most 
common class of antibiotic therapy was fluoroquinolones 
(36%) followed by 3rd generation cephalosporins (29%) and 
extended spectrum penicillin (14%). Antibiotic coverage 
was changed at least twice in 50% of the patients. Seven 
patients (50%) were managed with antibiotic therapy 
alone (Table 4). Five patients (36%) required percutaneous 
drainage, and of these patients, two patients required 
placement of a second percutaneous nephrostomy tube due 
to incomplete drainage with the initial percutaneous drain. 
Only one patient required an interval nephrectomy. No 
patients required immediate nephrectomy. There were no 
deaths in our cohort. When the outcomes of patients with 
stones (Figure 1A) were compared to outcomes of patients 
without stones (Figure 1B), emphysematous pyelonephritis 
with gas confined to the collecting system (Huang class 1) 
was significantly more common in patients with stones than 
in patients without stones (P=0.03) (Table 5). 

Discussion

Emphysematous pyelonephritis is a rare and severe 
infection of the kidney in which gas is produced in the 
renal collecting system and/or parenchyma. Since the initial 

Table 2 Laboratory data

Laboratory test Median value (range)

White blood cell count (3.4×109–10×109/L) 13.0 (5.8–29.0)

Hematocrit (41–53%) 31.0 (11.0–48.0)

Platelets (140×109–350×109/L) 190.0 (44.0–641.0)

Hemoglobin A1c (4–5.6%) 8.9 (7.1–12.7)

Baseline creatinine (0.77–1.22 mg/dL) 1.1 (0.9–8.6)

Peak creatinine 1.7 (0.9–8.9)

Creatinine increase during hospitalization 0.5 (0.0–4.7)

Albumin (3.5–4.8 g/dL) 2.3 (1.3–4.1)

Table 3 Microbiology and antibiotic therapy data

Microbiology Number [%]

Positive urine culture 13 [93]

Single organism 9 [64]

Mixed culture 4 [29]

Urine culture organisms

Escherichia coli 7 [50]

Klebsiella pneumoniae 3 [21]

Candida albicans 2 [14]

Citrobacter Koseri 1 [7]

Enterobacter cloacae 1 [7]

Pseudamonas aeruginosa 1 [7]

Group B Streptococcus 1 [7]

Gardnerella vaginalis 1 [7]

Positive blood culture 6 [43]

Same organism in urine 4 [29]

Different organism in urine 2 [14]

Positive nephrostomy tube culture 5 [36]

Same organism in urine 4 [29]

Different organism in urine 1 [14]

Initial antibiotic therapy

Fluoroquinolone 5 [36]

3rd generation cephalosporin (ceftriaxone) 4 [29]

Piperacillin/tazobactam 2 [14]

1st generation cephalosporin (cefazolin) 1 [7]

Itraconazole 1 [7]

Trimethoprim/sulfamethoxazole 1 [7]

Change of antibiotic therapy 11 [71]

One antibiotic change 4 [29]

Two antibiotic changes 5 [36]

Three or more antibiotic changes 2 [14]
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description, dozens of case reports and more than 20 series 
have been published with >400 patients in total (7-10). 
The majority of studies were performed in Asia, India, and 
Africa; our sample is the largest from the USA.

The diagnosis of emphysematous pyelonephritis is 
made on imaging studies in which gas is detected within 
or around the kidney. Emphysematous pyelonephritis 
may be diagnosed with abdominal X-ray, ultrasonography 
or CT, although CT is now considered the definitive 
imaging modality given a 30% rate of non-detection 
diagnosis on plain abdominal X-ray and ultrasonography. 
Multiple imaging classifications have been developed. The 
imaging classification used in this study was developed 
by Huang et al. based on CT scan findings and has been 
found to be predictive for mortality in a study by Tsu  
et al. (11). The majority of patients in this series (57%) 
had emphysematous pyelonephritis confined to the 
collecting system (Huang class 1), and only 3 patients (21%) 
detected gas extending beyond the kidney (Huang class 3).  

Compared with other studies, our cohort has a higher 
percentage of patients with gas limited to the collecting 
system (11,12). There were no deaths and no patient 
required permanent dialysis, which may be related to 
detection at an earlier stage in the disease process given 
high utilization of CT scans in the USA (13,14). 

The culture results are consistent with other studies of 
emphysematous pyelonephritis with the most common 
organisms isolated being E-coli and Klebsiella. Unlike early 
studies, the most common antibiotics used as initial therapy 
were fluoroquinolones, although it should be noted that the 
majority of patients (71%) changed antibiotics at least once 
and 50% of patient changed antibiotics two more times. 
In most cases, the patient received one dose of intravenous 
antibiotics in the Emergency Department, and a different 
intravenous antibiotic was administered once the patient 
was admitted to the hospital/intensive care unit. Once, the 
urine culture and sensitivity results returned, a change to 
another intravenous antibiotic was occasionally required. 
Oral antibiotics were started once the patient was afebrile 
and hemodynamically stable.

Comorbid conditions and presenting symptoms most 
commonly associated with emphysematous pyelonephritis 
are similar to those reported in other series with a few 
exceptions (11). Our series reports a much lower associated 
rate of diabetes mellitus (57%)—most large series report 
rates of >90% (5). Our associated rate of urolithiasis (57%) 
was higher than reported in the literature (22%) (2).  
When patients without stones and those with stones 
were compared, it was noted that those with stones had 
significantly lower classification of disease based on initial 
imaging. Patients with stones tended to be younger 

Table 4 Treatment

Treatment type Number [%]

Initial management

Medical management (antibiotic therapy alone) 7 [50]

Medical management + ureteral stent 2 [14]

Medical management + percutaneous drainage 5 [36]

Delayed treatment

Nephrostomy tube (initial) 1 [7]

Nephrostomy tube (second) 2 [14]

Interval nephrectomy 1 [7]

Figure 1 Patients with emphysematous pyelonephritis and concomitant urolithiasis (A) had less extensive disease on computerized 
tomography (CT) scan when compared with patients without urolithiasis (B).

A B
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than those without stones and had less of an increase in 
creatinine during their hospitalization. Emphysematous 
pyelonephritis associated with urolithiasis is likely the 
result of bacterial activity in or associated with the stones 
rather than within the renal parenchyma, leading to a less 

aggressive form of the disease. 
Treatment of emphysematous pyelonephritis has long 

been controversial. Spangola et al. reviewed all reported 
cases from varied locations around the world from 1898 to 
1978 (total 31 patients) prior to the availability of routine 
CT, routine utilization of percutaneous nephrostomy 
drainage and double J stents, and contemporary antibiotic 
therapy. He found patients who underwent immediate 
nephrectomy had a lower mortality rate (33%) than 
patients undergoing medical management alone (71%) (3). 
Percutaneous drainage in the setting of emphysematous 
pyelonephritis was introduced by Hudson in 1986 and 
was subsequently found to be an effective initial form of 
treatment (10,15). Authors of other studies have advocated 
for early diagnosis and aggressive medical management 
(12,16). Based on the results from our contemporary series, 
medical management alone appears to be the best initial 
option for stable patients with relatively limited disease 
(Huang class I). For patients with more extensive disease on 
imaging or hemodynamic instability, double J stents and/
or percutaneous renal drainage provided optimal drainage 
of the source of the infection. In some cases more than one 
percutaneous drain was necessary. No patients in this study 
required immediate nephrectomy and only one patient 
required subsequent nephrectomy due to a minimally 
functional kidney and a potential nidus for subsequent 
infection.

This study is limited by a small sample size and 
retrospective design. Also, the study relied on queries of 
radiology reports for identification of emphysematous 
pyelonephritis cases; it is possible cases may have been 
missed if the correct terminology was not included in 
radiology reports. 

Conclusions

Emphysematous pyelonephritis is a severe infection 
associated with a high mortality rate. The lack of mortality in 
this study is associated with relatively limited disease severity 
in our cohort. Antibiotics alone were successfully utilized in 
the majority of patients; percutaneous renal drainage and/
or double J stents were successful in controlling the source 
of infection in patients with more advanced disease. No 
patients required emergent nephrectomy. Emphysematous 
pyelonephritis with concomitant urolithiasis was associated 
with less extensive disease, suggesting these patients may 
have a unique mechanism for gas production causing a less 
aggressive form of the disease.

Table 5 Comparison of patients with and without kidney stones

Variable
No stones 

(n=6)
Stones 
(n=8)

P

Median age 58 40 0.85

No. women 4 6 1.00

No. right side 3 4 1.00

Median duration of symptoms (days) 1 2 0.15

Hypotension (SBP <90) 2 1 0.53

Fever 3 2 0.58

Median length of hospitalization 
(days)

11.5 9.0 0.74

Altered mental status 2 2 1.00

Medical comorbidities

Hypertension 3 3 1.00

Diabetes 4 4 0.62

History of UTI 5 5 0.58

History of alcoholism 1 0 0.43

Hepatitis 0 1 1.00

History of trauma 0 1 1.00

Imaging classification 

Class 1 1.0 7.0 0.03

Class 2 + class 3 5.0 1.0

White blood cell count  
(3.4×109–10×109/L)

17.0 12.0 0.42

Hematocrit (41–53%) 33.0 30.0 0.62

Platelets (0.77–1.22 mg/dL) 190.0 187.0 0.79

Hemoglobin A1c (4–5.6%) 2.3 2.7 0.23

Baseline creatinine 1.3 1.1 0.59

Peak creatinine 3.2 1.4 0.50

Creatinine increase during 
hospitalization

1.5 0.3 0.12

Albumin (3.5–4.8 g/dL) 2.3 2.7 0.24

Management

Medical management alone 3 3 1.00

Need for intervention 3 5

Delayed treatment

Nephrostomy tube 2 1 0.53

Interval nephrectomy 1 0 0.43
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