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a b s t r a c t 

A 78-year-old black woman with a 10-year history of diabetes mellitus was admitted to the 

intensive care unit. Upon admission, she presented with chills, nausea, and left flank pain. 

The presence of hyperglycemia (fasting blood glucose, 19.7 mmol/L) and an altered con- 

sciousness required immediate treatment with insulin analog. Laboratory investigations 

and enhanced computed tomography scan led to the diagnosis of bilateral emphysematous 

pyelonephritis (EPN). The patient responded well to conservative treatment with antibiotics, 

and was finally discharged after 22 days when the computed tomography scan showed res- 

olution of all the pockets of air. This case and associated literature review of 25 previously 

reported cases of bilateral EPN show the changing trend of EPN management from emer- 

gency nephrectomy toward conservative treatment with potent antibiotics and/or percuta- 

neous drainage, and has been associated with higher survival rates compared to emergency 

nephrectomy. 

© 2018 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Emphysematous pyelonephritis is a rare acute necrotizing in-
fection affecting the renal parenchyma, the collecting sys-
tem, and peri-renal tissue, which is potentially life threatening
and it is identified by the presence of gas within these struc-
tures [1–5] . The first case of emphysematous pyelonephritis
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was reported by Kelly and McCallum in 1898 [ 6 ], and since
then “Pneumonephritis,” “renal emphysema,” and emphyse-
matous pyelonephritis are eponyms that have been used to
describe the condition [7] . Poorly regulated blood sugars (di-
abetes) and obstruction in the urinary tract are the major
predisposing factors of emphysematous pyelonephritis, ob-
served in approximately 90% and 20% of the cases respectively
[8–10] . Escherichia coli is the most encountered organism in
niversity of Washington. This is an open access article under the 
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emphysematous pyelonephritis cases, accounting for 60%-
70% of cases. Other gas forming organisms implicated in em-
physematous pyelonephritis include Klebsiella pneumoniae, Pro-
teus mirabilis, Pseudomonas aeruginosa, Aerobacter aerogenes, Cit-
robacter , and rarely yeast [1–12] . 

Emphysematous pyelonephritis is commonly seen in
women, frequently involving the left kidney, with fewer cases
(5%-10%) involving both kidneys (bilateral) [5,13] . Bilateral em-
physematous pyelonephritis is extremely rare, accounting for
approximately 10% of emphysematous pyelonephritis cases,
and is often associated with increased risk of multiorgan dys-
function, sepsis, longstanding hemodialysis and hence higher
mortality rate [4,5,14] . 

Emphysematous pyelonephritis has been known to be a
rare disease, however, there has been an increase in the num-
ber of emphysematous pyelonephritis cases diagnosed over
the years due to increasing use of computed tomography
and increasing prevalence of metabolic syndrome and dia-
betes. Management options for emphysematous pyelonephri-
tis ranges from conservative approach including antibiotics
treatment, vigorous resuscitation, blood sugar control to per-
cutaneous drainage (PCD) and nephrectomy [1,5] . 

In this study, we present an additional case of bilateral em-
physematous pyelonephritis in a black African woman, who
was treated successfully with antibiotics alone, which is one
of the first cases reported in Ghana and Africa as a whole,
and a review of 25 reported cases of bilateral emphysema-
tous pyelonephritis with emphasis on management options
and outcomes. 

Case report 

A 78-year-old black woman had a 10-year history of diabetes
mellitus (DM; Type 2). A background history of poor compli-
ance with medication was noted. Upon admission, she pre-
sented with fever, chills, nausea, and complained of pain at
the left lumbar region (left-sided flank pain) which was re-
lieved after urination. On further examination, there was ev-
idence of visible weight loss with generalized weakness with
altered consciousness but her hydration status was satisfac-
tory. Her blood pressure was 110/60 mmHg; and pulse, 79 bpm
with normal sinus rhythm. 

Laboratory investigations revealed a white blood cell count
of 5.1 × 10 9 /L; platelets, 342 × 10 9 /L; red blood cell count,
3.64 × 10 12 /L; hemoglobin, 10.4 g/dL and hyperglycemia (fast-
ing blood glucose, 19.7 mmol/L) was present. The red blood
cells were normal, and the platelets and white blood cells
showed normal morphology and distribution. Acute renal im-
pairment was noted, with serum creatinine, 1.7 mg/dL (refer-
ence range: 0.9-1.3 mg/dL) and blood urea 30 mg/dL (reference
range: 7-20 mg/dL). Urinalysis revealed pH at 5.0, proteinuria,
and hematuria. The urine culture showed positive for E coli . 

Enhanced computed tomography scan of the abdomi-
nal pelvis showed no evidence of obstruction. Pockets of
air were noted within the dilated left pelvi-calyceal sys-
tem with air fluid levels consistent with Type 1 left emphy-
sematous pyelonephritis. Also, there was minimal loculi of
air in the right pelvi-calyceal system consistent with Type
2 emphysematous pyelonephritis. Based on these findings,
diagnosis of bilateral emphysematous pyelonephritis was
confirmed. 

On admission, she was treated intravenously with antibi-
otics (Meropenem (1 g twice daily) and Gentamicin (80 mg
twice daily). The hyperglycemia was initially treated with in-
sulin analog but was switched to oral medication with met-
formin when significant improvement in glycemic control
was observed. She responded well to antibiotics and was dis-
charged 22 days after her initial admission. 

Enhanced CT scan before the patient was discharged
showed resolution of all the pockets of air within the calyceal
collections in the left kidney. There was a significant reduction
in the size of these collections too, the largest one which mea-
sured approximately 7.4 × 5.3 cm now measured 5.2 × 3.6 cm.
The small focus of air in the right kidney had completely re-
solved. Improved renal function was observed, with urea and
creatinine levels reduced to 15 mg/dL and 1.1 mg/dL respec-
tively. 

Discussion 

Emphysematous pyelonephritis is a potentially life threaten-
ing necrotizing infection that affects the renal parenchyma,
the collecting system, and peri-renal tissue, and it is charac-
terized by the presence of gas within these structures [1–5] .
The pathogenesis of emphysematous pyelonephritis appears
to involve 4 factors: high tissue glucose, gas-forming bacte-
ria, a defective immune response, and impaired tissue perfu-
sion [15] . Predisposing factors indicating poor prognosis in-
clude acute renal failure, shock, altered consciousness, and
thrombocytopenia [16] . In our case, poor regulation of blood
glucose (DM) was the only predisposing factor observed, as
her fasting blood glucose on arrival was 19.7 mmol/L. This
was most likely due to the noncompliance with her medica-
tion. This further reinforces the observation by several stud-
ies that DM is the most prevalent comorbidity in emphysema-
tous pyelonephritis patients, with an incidence of about 85%
[1,2] . This trend is observed because DM offers an ideal envi-
ronment for developing emphysematous pyelonephritis; high
glucose concentrations in tissues, impaired tissue perfusion,
and the presence of gas-producing organism [17] . The glucose
serves as a substrate for the gas-producing organism, which in
turn produces carbon dioxide and hydrogen by fermentation
[17] . It is thought that urinary albumin serves as a substitute
for glucose in nonDM patients [17] but glucose is the preferred
substrate by the gas-producing organisms, accounting for the
high prevalence of emphysematous pyelonephritis cases in
DM patients. The most common presenting symptom of em-
physematous pyelonephritis reported in literature is fever fol-
lowed by flank pain, with other symptoms including nausea,
vomiting, altered consciousness, renal impairment, and shock
reported by some studies [1,2] . Our patient presented with
fever, nausea, flank pain (left side), and altered consciousness.
E coli was the organism cultured from her urine sample. Sev-
eral studies done in emphysematous pyelonephritis have also
reported a 60%-70% prevalence of E coli [1–12] . 
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Figure 1a – Enhanced axial computed tomography scan of the abdomen. (A) A small focus of air in the right kidney. (B) 
Septated rim enhancing lesion with air fluid levels. 

Figure 1b – Enhanced computed tomography scan of the abdomen with coronal reformatting. (A) A small focus of air in the 
right kidney. (B) Septated rim enhancing lesion with air fluid levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiological confirmation of gas within the kidney and/or
collecting system is key to diagnosing emphysematous
pyelonephritis alongside laboratory results, patients’ history,
and physical examination. Based on radiological findings, 2
types of emphysematous pyelonephritis have been identified
by Chen et al. [15] . Type 1 is characterized by the presence of
mottled or streaky appearing gas, parenchymal destruction,
and the absence of fluid collection in the renal or peri-renal.
Type 2 is characterized by fluid collection in the renal or peri-
renal with air bubbles or loculated gas within the collecting
system. Huang and Tseng further classifies EPN based on the
localization of gas or abscess pattern; Class 1: gas is located
inside the collecting system only, Class 2: gas is located in
the renal parenchyma without extra renal extension, Class
3(a): there is extension of gas or abscess to perinephric space,
Class 3(b): there is extension of gas or abscess to pararenal
space, and Class 4: bilateral involvement or emphysematous
pyelonephritis in solitary kidney [13] . The prognosis and mor-
tality rate of emphysematous pyelonephritis are based on type
or class, with Type 1, Class 3, and Class 4 presenting with poor
prognosis and associated with higher mortality rate [13,15] .
Our patient was diagnosed as Type 1 (left) and Type 2 (right) bi-
lateral emphysematous pyelonephritis based on CT findings,
as shown in Figures 1a and 1b . 

The study took into account 25 reported cases of bilat-
eral emphysematous pyelonephritis in literature (from 2005
to 2017; Table 1 ). Women were the most affected, representing
72% of the selected cases. The average age at presentation was
about 50 years, with a range of 20 to 86 years. The most preva-
lent comorbidity was diabetes, present in 88% of the patients,
followed by hypertension (20%). However, none of the studies
reported an obstruction in the urinary tract. The most com-
monly associated organism was E coli (n = 19, 76%) , followed by
K pneumoniae . These observations are in line with several pre-
vious reviews done in emphysematous pyelonephritis, with
the only changing trend being the absence of urinary tract ob-
struction as earlier studies have reported a 20% prevalence in
emphysematous pyelonephritis cases [8–10,18–20] . 
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Table 1 – Twenty-five reported cases of bilateral emphysematous pyelonephritis. 

S/N Case report Year of publication Age Sex Diabetes Obstruction Organism Other comorbidities Therapy Outcome 

1 Vaidya et al. [ 31 ] 2005 55 F + − E coli None Antibiotics Survived 
2 Karasavidou et al. [ 32 ] 2006 82 F + − E coli Hypertension Antibiotics Survived 
3 Hart et al. [ 33 ] 2007 57 M – − E coli None PCD and antibiotics Survived 
4 Shigemura et al. [ 26 ] 2009 86 F + − Anaerococcus None Antibiotics Survived 
5 Su et al. [ 34 ] 2009 51 F + − Klebsiella and Pseudomonas Coronary artery disease 

and stroke 
PCD and antibiotics Survived 

6 Darabi et al. [ 35 ] 2009 31 F + − E coli None Left nephrectomy and 
antibiotics 

Survived 

7 Kumar et al. [ 27 ] 2009 29 F - − E coli and Klebsiella None Antibiotics Survived 
8 Salvador et al. [ 36 ] 2010 52 F + − E. coli None DJ stent and antibiotics Survived 
9 Harrabi et al. [ 37 ] 2010 64 F + − Candida None Antibiotics and antifungal Died 
10 Wong et al. [ 38 ] 2011 42 M + − E coli, Enterococcus and 

Candida 
Adult polycystic kidney 

disease 
Bilateral nephrectomy, PCD 

and antibiotics 
Survived 

11 Lakshminarayana et al. [ 39 ] 2012 43 M – − E coli ADPKD and hypertension Bilateral nephrectomy and 
antibiotics 

Survived 

12 Lim et al. [ 40 ] 2012 46 F + − E coli Arthritis Bilateral nephrectomy and 
antibiotics 

Survived 

13 Dutta et al. [ 4 ] 2013 38 F + − Klebsiella None Antibiotics Survived 
14 Dutta et al. [ 4 ] 2013 36 F + − E coli None PCD and antibiotics Survived 
15 Dutta et al. [ 4 ] 2013 52 F + − Klebsiella and E coli None PCD and antibiotics Survived 
16 Dutta et al. [ 4 ] 2013 38 M + − E coli None Antibiotics Survived 
17 Morioka et al. [ 41 ] 2013 66 F + − E coli Hypertension PCD and antibiotics Survived 
18 Mahashabde et al. [ 16 ] 2013 61 M + − E coli and S Aureus None DJ stent and antibiotics Survived 
19 Daoud et al. [ 28 ] 2014 27 F + − None Lepromatous leprosy Antibiotics Survived 
20 Suzuki et al. [ 20 ] 2015 80 M + − E coli and Enterococcus None Antibiotics Survived 
21 Cheng et al. [ 3 ] 2015 58 F + − None Hypertension Antibiotics Survived 
22 Misgar et al. [ 29 ] 2015 56 F + − E coli None Antibiotics Survived 
23 Misgar et al. [ 29 ] 2015 20 F + − E coli None Antibiotics Survived 
24 Uscanga-Yépez et al. [ 42 ] 2017 33 F + − E coli Obesity and hypertension PCD Survived 
25 Kim et al. [ 30 ] 2017 46 M + − E coli Hepatocellular carcinoma 

and hepatitis B 
Antibiotics Survived 
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Figure 2a – Enhanced axial computed tomography scan of the abdomen showing post antibiotic treatment with resolution 

of the focus of gas in the right kidney and reduction in size of the enhancing collection in the left kidney, additionally 

showing complete resolution of the intralesional gas. 

Figure 2b – Enhanced computed tomography scan of the abdomen with coronal formatting, showing post antibiotic 
treatment with resolution of the focus of gas in the right kidney and reduction in size of the enhancing collection in the left 
kidney, additionally showing complete resolution of the intralesional gas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The gold standard of care for emphysematous pyelonephri-
tis patients involves either conservative medical manage-
ment (MM) with antibiotics, or PCD with MM with or with-
out nephrectomy [21] . The need for PCD or urethral stent
placement is determined based on radiological findings. The
largest series about treatment strategies of emphysematous
pyelonephritis was reported by Olvera-Posada et al. [22] and
they recommend combining different minimally invasive
strategies before emergency nephrectomy (EN). Aboumarzouk
et al. [2] in their meta-analysis of 628 patients from 32 stud-
ies noted that 45% of the patients had PCD, 26.6% had MM,
20% had EN and 2.8% had open drainage. The study fur-
ther revealed that PCD and MM were associated with signif-
icantly higher survival rates than EN, thus concluding that EN
should be the last option in the management of emphysema-
tous pyelonephritis patients. This coincides with the obser-
vation by Olvera-Posada et al. [22] that the prognosis of pa-
tients with emphysematous pyelonephritis has changed over
the last years, with a decline in mortality resulting from im-
proved MM and minimal invasive strategies together with the
widespread adoption of PCD and double J stent placement. 

In the 25 selected cases ( Table 1 ), patients were chiefly
treated by conservative MM which included antibiotics (n = 24,
96%), PCD (n = 7, 28%), double J stent, with additional ther-
apy for glycemic control in diabetic patients. Surgical treat-
ment was implicated in 4 patients (16%) and included only
nephrectomy. One patient out of the 25 selected EPN cases
died. This supports several studies that have reported success-
ful MM of emphysematous pyelonephritis [23–25] thus elimi-
nating the need for long term hemodialysis associated with
surgical treatment. 

Successful management of bilateral emphysematous
pyelonephritis cases with antibiotics only (MM) have been re-
ported by several studies [3,4,20,26–30] . In our case, the patient
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was conservatively managed with antibiotics (Meropenem
and Gentamicin). However, due to the presence of hyper-
glycemia, human insulin analog and later on metformin were
prescribed to achieve appreciable glycemic control. She was
finally discharged after 3 weeks and one day, when the post
CT scan showed resolution of all the pockets of air within the
calyceal collections ( Figures 2a and 2b ). 

Conclusion 

There has been a significant increase in the number of di-
agnosed emphysematous pyelonephritis cases over the years
due to increase in utilization of computed tomography cou-
pled with increasing prevalence of DM. Conservative MM with
potent antibiotics and/or PCD is the preferred first line of treat-
ment and it has been associated with high survival rates in
reported cases, thus obviating the need for nephrectomy or
surgical treatment. The patient in our case report was diag-
nosed with the aid of CT scan, and was successfully treated
with only antibiotics in a bilateral presentation of emphyse-
matous pyelonephritis, a condition in which treatment tra-
ditionally involved antibiotics and other additional interven-
tions including nephrectomy. 
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