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Abstract:  44 
Background: Emphysematous pyelonephritis (EPN) is a necrotizing infection of the 45 

kidney and surrounding tissues with significant mortality. We aimed to assess the clinical 46 
factors and their influence on prognosis in patients being managed for EPN with and 47 
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without ESBL-producing bacteria and to identify if those with EPN due to ESBL infections 48 
fared any different. 49 

Methods: A retrospective analysis was performed on patients with EPN diagnosis from 22 centers 50 
across 11 Countries (between 2013 and 2020). Demographics, clinical presentation, biochemical pa- 51 
rameters, radiological features, microbiological characteristics, and therapeutic management were 52 
assessed. Univariable and multivariable analysis were performed to determine the independent 53 
variables associated with ESBL pathogens. A comparison of ESBL and non-ESBL mortality was per- 54 
formed evaluating treatment modality. 55 

Results: A total of 570 patients were included. Median (IQR) age was 57 (47-65) years. Among urine 56 
cultures, the most common isolated pathogen was Escherichia coli (62.2%). ESBL producing agents 57 
were present in 291/556 urine cultures (52.3%). In multivariable analysis, thrombocytopenia (OR 58 
1.616 95% CI 1.081-2.413, p=0.019), and Huang-Tseng type 4 (OR 1.948 95% CI 1.005-3.778, p= 0.048) 59 
were independent predictors of ESBL pathogens at multivariable analysis. Patients with Huang- 60 
Tseng Scale type 1 had 55% less chance of having an ESBL producing pathogens (OR 1.616 95% CI 61 
1.081-2.413, p=0,019). Early nephrectomy (OR 2.3, p=0.029) and delayed nephrectomy (OR 2.4, 62 
p=0.015) were associated with increased mortality in patients with ESBL infections. Conserva- 63 
tive/minimally invasive management reported an inverse association with mortality (OR 0.314, 64 
p=0.001). 65 

Conclusions: ESBL bacteria in EPN were not significantly associated with mortality in EPN. How- 66 
ever, ESBL infections were associated with poor prognosis when patients underwent nephrectomy 67 
compared conservative/minimally invasive management. 68 

Keywords: Emphysematous pyelonephritis; Extended-spectrum beta-lactamases; Prognosis; Ne- 69 
phrectomy; Minimally Invasive Procedures 70 

1. Introduction 71 

Emphysematous pyelonephritis (EPN) is a fulminant renal infection caused by gas- 72 
forming organisms that induce parenchymal destruction [1]. This is often seen in patients 73 
with compromised immune response such as those with diabetes mellitus (DM), chronic 74 
kidney disease (CKD), chronic steroid users, HIV, and renal transplant [2]. Extended-spec- 75 
trum β-lactamases (ESBL) producing bacteria are Enterobacteriaceae, such as Escherichia 76 
coli, Klebsiella spp and Proteus spp, that develop resistance against many antibiotics consid- 77 
ered first-line treatment. Infections produced by ESBL producing pathogens are associ- 78 
ated with higher mortality than corresponding infections due to non-ESBL pathogens, 79 
with reported mortality rate between 3.7 and 22.1%”[3–5].  80 

  81 
Timely start of appropriate antibiotics and percutaneous catheter drainage (PCD) are 82 

important factors to improve prognosis in EPN patients [6,7]. Most studies usually incor- 83 
porate β-lactamase inhibitors, cephalosporins, aminoglycosides, and quinolones as first 84 
line treatment [8]. Increasing global antimicrobial resistance and inappropriate initial an- 85 
tibiotic therapy in ESBL infections could result in worse prognosis in this population. Out- 86 
comes of ESBL in EPN were first reported by Robles-Torres et al. [9]. They found that 87 
ESBL producing EPN was not associated with a worse prognosis or association with in- 88 
creased mortality. However, this study relied on a single-center small cohort of patients 89 
and the hypothesis that ESBL infections could have a predilection for a specific set of pa- 90 
tients and a potential association with worst outcomes remains unproven. The aim of this 91 
study was to determine the clinical factors and their influence on  prognosis in patients 92 
being managed for EPN with and without ESBL-producing bacteria and to identify if 93 
those with EPN due to ESBL infections fared any different. 94 

 95 
2. Materials and Methods 96 
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Prospectively collected databases from 22 centers across 11 Countries were retro- 97 
spectively reviewed for patients diagnosed with EPN between 2013 and 2020. Patients’ 98 
management was based on resources, experience, and protocols of the individual insti- 99 
tutions. Inclusion criteria were age ≥18 years, signs and symptoms of upper urinary tract 100 
infection due to EPN and confirmed by CT scan. Patients with sepsis refractory to con- 101 
servative or minimally invasive management (MIM) underwent nephrectomy. Con- 102 
servative management was defined as supportive therapy, including fluid resuscitation, 103 
metabolic control, and broad-spectrum antibiotics. MIM included ureteral stent place- 104 
ment with or without percutaneous drainage of abscess or perinephric gas. Early ne- 105 
phrectomy was defined as surgery performed within 72 hours of hospital admission. 106 
Patients with missing data and previous urinary tract instrumentation within three 107 
months of presentation were excluded. We gathered the following data upon admission: 108 
age, gender, comorbidities, clinical characteristics, and laboratory workup (complete 109 
blood count, blood chemistry, and urine culture) at presentation. We considered the fol- 110 
lowing cutoff values: anemia as <12g/dL hemoglobin, leukocytosis as >11,000/μL white 111 
blood cells, thrombocytopenia as <150,000/μL platelet, increased creatinine as a serum 112 
creatinine level ≥1.2mg/dL, and hyperglycemia as serum glucose level >200mg/dL. Data 113 
on urine cultures were acquired for analysis based on the guidelines of the Clinical and 114 
Laboratory Standards Institute. Identification of isolates were obtained by matrix-as- 115 
sisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) 116 
[10]. The production of ESBL was performed with a double-disc sensitivity test. The 117 
qSOFA score was used to assess the risk of in-hospital mortality. The qSOFA score is a 3- 118 
point scoring system that includes altered mental status, >22 breaths/min, and systolic 119 
blood pressure <100mmHg (1 point for each condition). The degree of gas extension into 120 
the kidney and surrounding tissues was evaluated on CT findings according to Huang- 121 
Tseng's classification. The latter scores gas extension in four types: i) type 1: gas limited 122 
to collecting system; ii) type 2: gas in renal parenchyma without extension to extrarenal 123 
tissue; iii) type 3: gas extension or abscess to perinephric (3A) or paranephric (3B) tissue; 124 
and iv) type 4: bilateral EPN or solitary kidney with EPN. In addition, gas extension in 125 
renal parenchyma was also divided into two groups: i) gas extension affecting <50%; ii) 126 
gas extension with >50% of renal parenchyma damage. Ethics committee approval was 127 
obtained by the leading center (Hospital Israelita Albert Einstein,Sao Paulo-SP/ Brazil 128 
number: 5.192.573) and each center acquired its ethics board approval. All patients 129 
signed an informed consent to collect their anonymized data. 130 

Statistical analysis  131 

Categorical variables were described as frequencies and percentages. Continuous 132 
variables were described using median and interquartile ranges. The Mann-Whitney U- 133 
test was used to assess the difference between the two groups for continuous variables, 134 
whereas the Chi-square test or Fisher exact test for categorical variables. Univariable 135 
analysis was performed based on clinical, sociodemographic, biochemical, microbiologi- 136 
cal, and radiological variables to determine the presence of ESBL pathogens. Variables 137 
significantly associated with ESBL at univariable analysis were further analyzed in mul- 138 
tivariable analysis to identify independent factors related to the isolation of ESBL patho- 139 
gens. Multivariable analysis was performed with logistic regression to find the inde- 140 
pendent variables associated with the isolation of ESBL pathogens.  141 

A comparative analysis was performed evaluating mortality in ESBL-producing EPN 142 
and non-ESBL between the different treatment modalities: conservative, MIM, early ne- 143 
phrectomy and delayed nephrectomy. Analysis was performed using SPSS for Win- 144 
dows, version 20.0 (IBM Corp. Armonk, NY). Statistical significance was set at p<0.05.  145 

Results 146 
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A total of 570 patients met the inclusion criteria and were included for analysis. 147 
Table 1 shows patients’ clinical characteristics. Median (IQR) age was 57 (47-65) years. 148 
There were 395 women (69.3%). In 43 patients (7.5%) EPN was bilateral and 17 patients 149 
had a solitary kidney (3.0%). More than half of the patients (58.8%) were febrile at 150 
presentation and 96 patients (16.8%) were in shock. A total of 109 patients (19.1%) had a 151 
qSOFA score ≥2 points. The most frequent symptom was flank pain (67.7%), whereas the 152 
most common biochemical alteration was leukocytosis (72.1%) followed by elevated se- 153 
rum creatinine (60.7%) and hyperglycemia (50.5%). Diabetes mellitus was the most fre- 154 
quent comorbidity (70.0%) followed by urolithiasis (52.6%). Conservative management 155 
was implemented in 66 (11.6%), early nephrectomy in 77 (13.5%), and delayed nephrec- 156 
tomy in 92 (16.1%). MIM was selected in 335 cases (58.7), of which 146 (25.6%) were 157 
treated with ureteral stent, percutaneous drainage in 174 (30.5%), and 15 (2.7%) with 158 
ureteral stent plus percutaneous drainage.  159 

Table 1. Demographic, clinical, biochemical and radiological characteristics of the study population. (n=570) 

Variables Median (IQR) or n (%) 

     Demographics   

Age (years); Median (IQR) 57 (47-65) 

Female 395 (69.3)  

Right kidney  242 (42.5) 

Left kidney 268 (47) 

Bilateral  43 (7.5) 

Solitary kidney  17 (3) 

Days of Hospital Stay; Median (IQR) 9 (6-14) 

     Clinical characteristics   

Hypotension (BP <90/60 or MAP <60mmHg) 96 (16.8) 

Fever (>38.3°C) 335 (58.8) 

Flank pain 386 (67.7) 

Lower urinary tract symptoms 120 (21.1)  

Death 69 (12.1) 

     qSOFA score   

0 points 306 (53.7) 

1 point 155 (27.2) 

2 ponits 73 (12.8) 

3 points 36 (6.3) 

     Biochemical characteristics   

Anemia (Hb <12g/dL)  227 (39.8) 

leukocytosis (>11,000/μL) 411 (72.1) 

Leukopenia (<4,500/μL) 14 (2.5) 

Thrombocytopenia (<150,000/μL) 152 (26.7) 

Hyperglycemia (Glucose >200mg/dL) 288 (50.5) 

Increased creatinine (Serum Cr >1.2mg/dL) 346 (60.7) 

     Comorbidities   

Diabetes mellitus 399 (70) 

Urolithiasis 300 (52.6) 

Chronic kidney disease 207 (36.3) 

Neurogenic Bladder 27 (4.7) 

Oncologic disease 17 (3.0) 

     Antibiotic resistance   

ESBL agents (n=556)# 291 (52.3) 

     Huang-Tseng Scale   

Type 1 168 (29.5) 
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Type 2 144 (25.3) 

Type 3a 109 (19.1) 

Type 3b 99 (17.4) 

Type 4 50 (8.7) 

     Renal parenchyma extension   

Gas extension >50% 109 (19.1) 

     Management   

Conservative 66 (11.6) 

Early nephrectomy 77 (13.5) 

Ureteral stent 146 (25.6) 

Percutaneous drainage 174 (30.5) 

Ureteral stent + percutaneous drainage 15 (2.7) 

Delayed nephrectomy* 92 (16.1) 

*Patients refractory to minimally invasive management. IQR= interquartile range; BP= Blood pressure; MAP= Mean 

Blood Pressure; Hb= Hemoglobin; Cr= Creatinine; ESBL= Extended spectrum beta-lactamase. #14 urine cultures were 

missing due to early mortality 

Table 2 shows isolated pathogens globally and by country. Among urine cultures, 160 
the most common isolated pathogen was Escherichia coli (62.2%), followed by Klebsiella 161 
spp. (20.9%). Urine culture did not isolate any pathogen in 12/556 (2.2%) patients. ESBL 162 
producing agents were present in 291/556 urine cultures of the isolated pathogens 163 
(52.3%). India (66%), Mexico (65.9 %) and Brazil (50%) were the countries with the high- 164 
est rate of ESBL-producing agents.  165 

Table 2. Microbiological profile of urine cultures pathogens by country. (n=556*) 

     Microbiological 

agents 

Total; n 

(%) 

Mexico 

(n=232) 

India 

(n=100) 

Arabia 

Saudi 

(n=56) 

Turkey 

(n=32) 

Malasy

a (n=30)  

Nepal 

(n=26) 

Brazil 

(n=20) 

Singapo

re (n=20) 

Morocco 

(n=18) 

Hong 

Kong 

(n=14) 

Burkin

a Faso 

(n=8) 

E. coli 346 (62.2) 160 (69) 60 (60) 29 (51.8) 18 (56.3) 14 (46.7) 11 (42.3) 15 (75) 13 (65) 12 (66.7) 11 (78.6) 3 (37.5) 

Klebsiella spp 116 (20.9) 
43 

(18.5) 
16 (16) 20 (35.7) 8 (25) 8 (26.7) 8 (30.8) 1 (5) 5 (25) 3 (16.7) 2 (14.3) 2 (25) 

Proteus mirabilis 21 (3.8) 2 (0.9) 7 (7) 3 (5.4) 0 1 (3.3) 5 (19.2) 2 (10) 0 0 0 1 (12.5) 

Candida spp 15 (2.7) 10 (4.3) 1 (1) 2 (3.6) 1 (3.1) 0 0 0 1 (5) 0 0 0 

Pseudomonas 

aeruginosa 
15 (2.7) 1 (0.4) 7 (7) 0 1 (3.1) 2 (6.6) 1 (3.8) 0 0 1 (5.6) 1 (7.1) 1 (12.5) 

Morganella morganii 9 (1.6) 1 (0.4) 1 (1) 2 (3.6) 0 3 (10) 1 (3.8) 0 1 (5) 0 0 0 

Enterococcus faecalis 8 (1.4) 2 (0.9) 4 (4) 0 1 (3.1) 0 0 1 (5) 0 0 0 0 

Negative cultures 14 (2.5) 10 (4.3) 2 (2) 0 1 (3.1) 0 0 0 0 1 (5.6) 0 0 

Others 2 12 (2.2) 3 (1.3) 2 (2) 0 2 (6.3) 2 (6.6) 0 1 (5) 0 1 (5.6) 0 1 (12.5) 

     ESBL producing 

agents  
291 (52.3) 

153 

(65.9) 
66 (66) 13 (23.2) 15 (46.8) 14 (46.6) 6 (23.1) 10 (50) 6 (30) 1 (5.6) 6 (42.8) 1 (12.5) 

ESBL E. coli 1 218 (74.9) 
119 

(77.8) 
52 (78.8) 7 (53.8) 10 (66.7) 9 (64.3) 2 (33.3) 9 (90) 4 (66.6) 0 5 (83.3) 1 (100) 

ESBL Klebsiella spp 1 73 (25.1) 
34 

(22.2) 
14 (21.2) 6 (35.7) 5 (33.3) 5( 35.7) 4 (66.7) 1 (10) 2 (33.3) 1 (100) 1 (16.7) 0 

*14 urine cultures were missing due to early mortality. 1 Percentage among ESBL agents. 2 Enterobacter cloacae n=3 (0.5%), Staphylo-

coccus aureus n=6 (1.1%), Acinetobacter baumannii n=3 (0.5%). 

Table 3 shows patients’ characteristics according to the presence or absence of ESBL 166 
producing pathogens. The presence of ESBL pathogens was significantly associated at 167 
univariable analysis with thrombocytopenia (OR 1.888 95% CI 1.290-2.762, p=0.001), in- 168 
creased serum creatinine (OR 1.884 95% CI 1.341-2.649, p<0.0001), chronic kidney disease 169 
(OR 1.597 95% CI 1.131-2.255, p=0.008), delayed nephrectomy (OR 2.005 95% CI 1.259- 170 
3.192, p=0.003), and Huang-Tseng Scale type 4 (OR 2.672 95% CI 1.408-5.072, p=0,002) 171 
(Table 3). No significant difference was observed in mortality between ESBL (13.7%) and 172 
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non-ESBL (10.4%) EPN (p=0.22). The qSOFA score did not show association with ESBL- 173 
producing EPN. Thrombocytopenia (OR 1.616 95% CI 1.081-2.413, p=0.019) and Huang- 174 
Tseng type 4 (OR 1.948 95% CI 1.005-3.778, p= 0,048) were independent predictors of 175 
ESBL pathogens at multivariable analysis. Conversely, patients with Huang-Tseng Scale 176 
type 1 had 55% less chance of having an ESBL producing pathogens (OR 0.543 95% CI 177 
0.369-0.798, p=0,002) (Table 3). 178 

Table 3. Univariate and multivariate analysis for clinical, biochemical and radiological factors associated with ESBL producing 

agents in patients with emphysematous pyelonephritis. (n=570) 

Variables 
ESBL                   

(n=291) 

 Non-ESBL 

(n=279) 

Univariate    Multivariate  

P value OR (IC 95%)   P value OR (IC 95%) 

     Sociodemographics               

Female 195 (67) 200 (71.7) 0.226 0.802 (0.561-1.147)       

Age (years); median (IQR) 57 (46-65) 57 (47-64) 0.333* -       

Days of Hospital Stay; median 

(IQR) 
9 (6-14) 9 (6-14) 0.935* -       

     Clinical characteristics               

Fever (>38.3°C) 165 (56.7) 170 (60.9) 0.305 0.840 (0.601-1.173)       

Flank pain 195 (67) 191 (68.5) 0.712 0.936 (0.659-1.330)       

Shock (BP <90/60 or MAP 

<60mmHg) 
45 (15.5) 51 (18.3) 0.369 0.818 (0.527-1.269)       

Mortality 40 (13.7) 29 (10.4) 0.22 1.374 (0.826-2.286)       

     qSOFA score               

0pts 148 (50.9) 158 (56.6) 0.167 0.793 (0.570-1.102)       

1pt 86 (29.6) 69 (24.7) 0.196 1.277 (0.881-1.850)       

2pts 40 (13.7) 33 (11.8) 0.493 1.188 (0.725-1.946)       

3pts 17 (5.8) 19 (6.8) 0.635 0.849 (0.432-1.669)       

     Biochemical characteristics               

Anemia (Hb <12g/dL)  125 (43) 102 (36.6) 0.119 1.307 (0.933-1.829)       

leukocytosis (>11,000/μL) 204 (70.1) 207 (74.2) 0.276 0.816 (0.565-1.178)       

Thrombocytopenia (<150,000/μL) 95 (32.6) 57 (20.4) 0.001 1.888 (1.290-2.762)   0.019 1.616 (1.081-2.413) 

Hyperglycemia (Glucose 

>200mg/dL) 
139 (47.8) 149 (53.4) 0.178 0.798 (0.574-1.109)       

Increased creatinine (Serum Cr 

>1.2mg/dL) 
198 (68) 148 (53) <0.001 1.884 (1.341-2.649)   0.108 1.382 (0.932-2.049) 

     Comorbidities               

Diabetes mellitus 202 (69.4) 197 (70.6) 0.756 0.945 (0.660-1.352)       

Chronic kidney disease 121 (41.6) 86 (20.8) 0.008 1.597 (1.131-2.255)   0.244 1.263 (0.853-1.870) 

Urolithiasis 158 (54.3) 142 (50.9) 0.416 1.146 (0.825-1.593)       

Neurogenic Bladder 9 (3.1) 18 (6.5) 0.059 0.463 (0.204-1.048)       

     Huang-Tseng Scale               

Type 1 62 (21.3) 106 (38) <0.001 0.442 (0.305-0.640)   0.002 0.543 (0.369-0.798) 

Type 2 74 (25.4) 70 (25.1) 0.926 1.018 (0.698-1.486)       

Type 3a 64 (22) 45 (16.1) 0.075 1.466 (0.961-2.237)       

Type 3b 55 (18.9) 44 (15.8) 0.324 1.245 (0.805-1.924)       

Type 4 33 (12.4) 14 (5) 0.002 2.672 (1.408-5.072)   0.048 1.948 (1.005-3.778) 

     Renal parenchyma extension               

Gas extension >50% 64 (22) 45 (16.1) 0.075 1.466 (0.961-2.237)       

*Mann-Whitney U Test; OR= Odds Ratio;  CI= confidence interval. Hosmer-Lemeshow test of 0.688 

Table 4 shows comparison of mortality between treatment modalities in ESBL and 179 
non-ESBL EPN. Early nephrectomy was significantly associated with increased mortal- 180 
ity in both ESBL (OR 2.341 95% CI 1.073-5.109, p=0.029) and non-ESBL-producing infec- 181 
tions (OR 3.760 95% CI 1.498-9.438, p=0.0076). In the ESBL group, delayed nephrectomy 182 
was also significantly associated with mortality (OR 2.4 95% CI 1.163-4.950, p=0.015). On 183 
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the contrary, MIM reported an inverse association with mortality (OR 0.314 95% CI 184 
0.154-0.637, p=0.001). 185 

Table 4. Mortality among ESBL and non-ESBL-producing emphysematous pyelonephritis stratified by treatment modality.  

  ESBL       Non-ESBL     

Management 
Mortality 

(n=40) 

 Non-

mortality 

(n=251) 

P value OR (IC 95%)   
Mortality 

(n=29) 

 Non-

mortality 

(n=250) 

P value OR (IC 95%) 

Conservative  2 (5) 18 (7.2) 0.999 0.681 (0.152-3.055)   3 (10.3) 43 (17.2) 0.437* 0.555 (0.161-1.918) 

Minimally invasive 

therapy 
13 (32.5) 152 (60.6) 0.001 0.314 (0.154-0.637)   14 (48.3) 156 (62.4) 0.14 0.562 (0.260-1.217) 

Early nephrectomy 11 (27.5) 35 (13.9) 0.029 2.341 (1.073-5.109)   8 (27.6) 23 (9.2) 0,0076* 3.760 (1.498-9.438) 

Delayed nephrectomy 14 (35) 46 (18.3) 0.015 2.4 (1.163-4.950)   4 (13.8) 28 (11.2) 0,757* 1.269 (0.411-3.913) 

*Fisher exact test.  

Table 5 shows treatment modalities according to the Huang-Tseng scale and strati- 186 
fied by the presence of ESBL pathogens. In Type 1 EPN, a significantly greater number 187 
of patients with non-ESBL-producing pathogens were treated conservatively compared 188 
with patients harboring ESBL-producing pathogens (78.3% vs 45.0%, p=0.008) . In type 4 189 
EPN there were significantly more patients with non-ESBL-producing pathogens requir- 190 
ing a minimally invasive therapy (19.2 vs 15.8%, p=0.002). Finally, there was no differ- 191 
ence in early and delayed nephrectomy between patients with ESBL and non-ESBL pro- 192 
ducing pathogens. 193 

Table 5. Stratification of patients according to Huang-Tseng classification and treatment modality.  

  Conservative   
Minimally Invasive 

Therapy 
  

Early 

Nephrectomy 
  

Delayed 

Nephrectomy 
  

Huang-

Tseng Scale 

ESBL 

(n=20) 

Non-ESBL 

(n=46) 
p value 

ESBL 

(n=165) 

Non-ESBL 

(n=170) 
p value 

ESBL 

(n=46) 

Non-ESBL 

(n=31) 
p value 

ESBL 

(n=60) 

Non-ESBL 

(n=32) 
p value 

Type 1    9 (45) 36 (78.3) 0.008 47 (28.5) 63 (39.8) 0.095 2 (4.3) 3 (9.7) 0.387* 4 (6.7) 4 (6.7) 0.442* 

Type 2  6 (30) 6 (13) 0.101 46 (27.9) 48 (33.8) 0.942 8 (17.4) 9 (29) 0.227 14 (23.3) 7 21.9) 0.874 

Type 3A  2 (10) 1 (2.2) 0.216* 32 (19.4) 26 (22.4) 0.321 17 (37) 9 (29) 0.471 13 (21.7) 9 (28.1) 0.489 

Type 3B  0 (0) 1 (2.2) 0.999* 14 (8.5) 24 (24) 0.104 18 (39.1) 10 (32.3) 0.539 23 (38.3) 9 (28.1) 0.328 

Type 4  3 (15) 2 (4.3) 0.159* 26 (15.8) 9 (19.2) 0.002 1 (2.2) 0 (0) 0.999* 6 (10) 3 (9.4) 0.999* 

*Fisher exact test.  

4. Discussion 194 

EPN is a life-threatening infection of the kidney and surrounding tissues caused by 195 
gas-forming organisms. Despite being a rare disease in developed countries, this condi- 196 
tion appear to be geographically more common in Asia due to its high mortality rate and 197 
costs for healthcare systems [6].  198 

To our best knowledge, the present study represents the largest cohort evaluating the 199 
outcomes of EPN caused by ESBL-producing agents. β-Lactamases are a cluster of en- 200 
zymes present in some bacterial species and are responsible for hydrolyzing and disa- 201 
bling the β-lactam ring of antibiotics. Both Gram-positive and Gram-negative bacteria 202 
can produce these enzymes but the presence of β-lactamases is one of the principal 203 
mechanisms of resistance to β-lactams in Gram-negative bacteria and particularly in En- 204 
terobacteriaceae [11]. 205 

Escherichia coli is the most common isolated organism in EPN, being responsible of more 206 
than 70% of infections [12], similar to our results (62.2%). Krishnamoorthy et al reported 207 
that Escherichia coli was also the most common organism seen in blood cultures in pa- 208 
tients with EPN that develop septicemia [12]. In the last decade, there has been an in- 209 
creased incidence of ESBL-producing agents in urinary tract infections from 21.5% to 210 
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more than 40% [4,13]. In patients with EPN, higher frequency of ESBL-agents have been 211 
described compared to non-EPN urinary tract infections. Robles-Torres et al. reported 212 
ESBL-agents in 31.7% of urine cultures in patients with EPN [9], compared to a 21.5% in 213 
non-EPN infections in the same center [4]. In our study, an alarming 52.3% of urine cul- 214 
tures were positive for ESBL agents, of which 74.9% were ESBL Escherichia coli and 25.1% 215 
were ESBL Klebsiella spp.  216 

Over the years, there was a trend towards an increase in ESBL-producing patho- 217 
gens in urinary tract infections and especially EPN [13]. Risk factors have been described 218 
for the presence of ESBL agents in urinary tract infections: prior antibiotic use, previous 219 
hospitalizations, chronic corticosteroids use, invasive procedures (indwelling catheters, 220 
gastrostomy, nasogastric tube, hemodialysis, arterial pathways) poor nutritional status, 221 
advanced age, and diabetes mellitus [14]. The most common antibiotics associated with 222 
ESBL-agents are prior use of third-generation cephalosporins and quinolones. Other risk 223 
factors described include recurrent urinary tract infections, high comorbidity (>2 points 224 
in Charlson Index), immunocompromised status, urolithiasis, and complicated urinary 225 
tract infections (anatomical or functional abnormalities in the urinary tract). ESBL-pro- 226 
ducing infections were also associated with worse symptoms and longer hospital stay 227 
[4,15]. However, we found no association of ESBL-producing EPN with age, diabetes, 228 
longer hospital stay, severity of symptoms or urolithiasis but we found at multivariable 229 
analysis that the risk of ESBL pathogen EPN was almost two folds higher in patients 230 
with Huang-Tseng type 4, whereas patients with type 1 had 55% less chance of having 231 
an ESBL producing pathogens.  232 

Inability to identify patients at risk of ESBL-producing infections and starting inap- 233 
propriate empirical antibiotic therapy may worsen the prognosis and potentially in- 234 
crease mortality in EPN that is a life threatening infection. Even though, mortality has 235 
decreased in the last decades due to the introduction of better imaging studies and mini- 236 
mally invasive therapies, and the mortality rate currently ranges from 6-20.6% [12,16,17]. 237 
Our study showed that overall mortality was 12.1%. Interestingly, we found that mortal- 238 
ity did not differ significantly between ESBL and non-ESBL infections. However, sub- 239 
analysis according to the type of treatment showed that mortality in ESBL group was 240 
significantly higher in patients who underwent both early and delayed nephrectomy 241 
and patients treated with MIM demonstrated to have lower odds of mortality. In non- 242 
ESBL group, patients who underwent early nephrectomy demonstrated a significantly 243 
higher mortality too. These results could be explained by the fact that patients who had 244 
early nephrectomy were more gravely ill (e.g. hemodynamic instability) and, as a conse- 245 
quence, had a higher mortality because of their presenting medical condition. In addi- 246 
tion, the reduced glomerular filtration after nephrectomy may also have contributed to 247 
mortality. Therefore, patients with a ESBL infection should be probably managed with 248 
antibiotics, supportive therapy and MIM as much as possible since mortality was also 249 
significantly higher in those who underwent delayed nephrectomy.        250 

Few other studies have described the microbiological characteristics and their asso- 251 
ciation with prognosis in patients with EPN. Lu et al. reported that third-generation 252 
cephalosporin resistance, polymicrobial infections, and previous antibiotic use were risk 253 
factors for increased mortality [18]. In addition, they concluded that prior hospitaliza- 254 
tion, prior antibiotic use, need for hemodialysis and disseminated intravascular coagula- 255 
tion were factors associated with third-generation cephalosporin-resistant uropathogens. 256 
In patients with these risk factors for antibiotic resistance, carbapenem is the empiric 257 
antibiotic of choice [18]. Jain et al. described a mortality scoring system for EPN based on 258 
several risk factors, including multidrug resistance uropathogens [19]. They reported a 259 
45% resistance to third-generation cephalosporins. Based on these results, they 260 
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recommended initiating carbapenem when a patient has already been on a cephalo- 261 
sporin medication before. 262 

In a retrospective study of 63 patients with EPN, Arrambide-Herrera et al. de- 263 
scribed that ESBL-producing bacteria and multi-drug resistant bacteria (including ESBL 264 
plus resistance to trimethoprim-sulfamethoxazole and quinolones) were not associated 265 
with increased mortality and intensive care unit admission [16]. In a recent study, ESBL- 266 
producing agents were associated with leukocytosis >11,000/mL in univariable but not 267 
in multivariable analysis. Prognostic outcomes such as qSOFA score, Huang-Tseng clas- 268 
sification, intensive care unit admission and mortality were not associated with ESBL- 269 
producing organisms [9]. The authors also reported resistance profiles and showed that 270 
antibiotic resistance was high for levofloxacin (50%), ciprofloxacin (63.1%), and trime- 271 
thoprim-sulfamethoxazole (87%). Colistin (4.4%), meropenem (8.7%), and Fosfomycin 272 
(19.5%) were the antibiotics with less resistance reported. [8] 273 

In our study, multivariable analysis reported that thrombocytopenia and Huang 274 
type 4 were associated with ESBL-producing agents. Most patients with Huang type 4 275 
EPN reported impaired kidney function, probably affecting the concentration of the anti- 276 
biotics in the renal parenchyma and urinary tract. Similar to the results reported by Ro- 277 
bles-Torres, ESBL-agents were not associated with the severity of the disease evaluated 278 
by qSOFA score and mortality [9]. However, in our sub-analysis patients with ESBL in- 279 
fections were significantly associated with mortality after nephrectomy, whereas MIM 280 
reduced significantly the risk of death.  281 

Regarding correlation between treatments and EPN diffusion in ESBL and non- 282 
ESBL patients, we found that there was a significant difference in treatments between 283 
Huang-Tseng scale Type 1. A greater number of non-ESBL Type 1 patients were treated 284 
conservatively compared with ESBL. This may be because ESBL patients presented with 285 
a more severe clinical condition.  286 

Our study presents some limitations, beginning with its retrospective nature. Dif- 287 
ferent therapeutic algorithms between centers were implemented, influenced by the lack 288 
of standardized recommendations in the literature. Furthermore, we were unable to re- 289 
port antibiotic therapy implemented in most of the centers, resulting in limited data in 290 
order to propose antibiotic management protocols. Some well-known risk factors for 291 
ESBL agents were not reported, including recurrent urinary tract infections and previous 292 
antibiotic use. Despite reporting the uropathogens in the analyzed urine cultures, we 293 
were unable to obtain the complete resistance profile in most of the included centers. 294 

This study provides the basis to further prospective studies evaluating different antibi- 295 
otic protocols in order to improve outcomes in EPN patients. 296 

5. Conclusions 297 

In this large, multicenter study we analyzed the mortality of EPN patients according 298 
to the presence or not of ESBL producing agents. ESBL producing pathogens were isolated 299 
in more than half of urine cultures (52.3%) We found that the mortality rate was not sig- 300 
nificantly higher in patients with ESBL producing pathogens as compared to those with- 301 
out. Patients with ESBL infection demonstrated to have a poor prognosis when treated 302 
with early or delayed nephrectomy, whereas the mortality was significantly lower in those 303 
patients treated with MIM.   304 
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