Orriginal Article

Emphysematous pyelonephritis: Does a standard
management algorithm and a prognostic scoring model
optimize patient outcomes?
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Abstract

Objective: The objective of the study is to analyze the risk factors determining the outcomes of patients
with emphysematous pyelonephritis (EPN) by the adoption of a standardized management algorithm as
well as to develop a prognostic scoring model to risk stratify these patients.

Materials and Methods: The hospital records of 72 consecutive patients with EPN from February 2012
to January 2018 were retrospectively reviewed. Demographic, clinicoradiographic, and laboratory
characteristics were recorded. Patients were managed with a standard management protocol and based on
outcomes divided into three groups. Group I survived with conservative management, Group Il survived
after emergency nephrectomy, and Group Il expired. The risk factors for nephrectomy and mortality were
analyzed.

Results: The mean age was 53 years. Male to female ratio was 4:5. There were 61 (84.7%), 4 (5.6%), and
7 (10%) patients in Groups I, II, and III, respectively. Diabetes mellitus was the most common comorbidity
detected in 62 (86%) of patients. Type Il EPN was the most common radiological presentation observed
in 32 (44%) patients. Overall survival rate was 90%, and kidney salvage rate was 80%. Escherichia coli was
the most common organism isolated. Thirty-two (45%) patients exhibited resistance to third-generation
cephalosporin antibiotics. Thrombocytopenia, low body mass index (BMI), presence of >2 comorbidities,
high total leukocyte count (TLC), and hypoalbuminemia were significantly associated with mortality. On
adoption of the prognostic scoring system, mortality rates according to the risk subgroups were as follows:
favorable - 0%, intermediate - 19%, and poor - 100%.

Conclusion: Conservative management adopting appropriate algorithm reduces mortality and avoids
unnecessary emergency nephrectomies. Thrombocytopenia, low BMI, presence of >2 comorbidities, high
TLC, and hypoalbuminemia were significantly associated with mortality.
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INTRODUCTION

Emphysematous pyelonephritis (EPN) is a urologic
emergency, defined as a necrotizing life-threatening
infection of renal parenchyma caused by gas-forming
bacteria.l! It is not primarily a renal disease, but a
complication of uncontrolled comorbidities such as
diabetes mellitus (DM), immunosuppression, and urinary
tract obstruction.™ EPN has a female: male preponderance
of 4:1 with a median age of 57 (range 24-83) years.*’!
The conventional approach including open drainage and
emergency nephrectomy (EN) was associated with more
than 40% mortality.’! Recently published systematic review
and meta-analysis have reported an overall mortality rate
of 18% in EPN patients.!

Percutaneous drainage (PCD) with medical management,
followed by delayed nephrectomy in case of the
nonfunctioning kidney is presently the preferred treatment
modality and has established as the gold standard for the
management of EPN.*¥ Third-generation cephalosporins,
aminoglycosides, and fluoroquinolones are presently
administered as the first-line antibiotics in the management
of these patients. The development of resistance to
commonly used antimicrobials has an adverse impact
on the outcomes of these patients? Still, treatment
protocols vary across the institutions, and there is no
well-defined management algorithm which can guide the
treating physician in the management of these patients.*!"!
Although a number of case series has been published in
literature in the past four decades, there is a wide variation
in the risk factor assessment and reported mortality
primarily due to the small sample size.'"’! Hence, the
objective of the present study is to analyze the risk factors
and develop a novel prognostic scoring system to better
help the physicians to prognosticate the outcomes of EPN
patients in a larger cohort, especially in the present era of
widespread antibiotic resistance. Furthermore, the present
study would like to analyze the feasibility of adopting
a well-designed algorithm in the management of these
patients to deliver an optimal care.

MATERIALS AND METHODS

Seventy-two consecutive patients with a diagnosis of
EPN who were managed in the Department of Urology,
Jawaharlal Institute of Postgraduate Medical Education
and Research, Puducherry, India, from February 2012 to
January 2018 were included in the present study. The study
was conducted retrospectively by analyzing the data of the
patients from a prospectively maintained database after
obtaining institute ethical committee clearance. Based on
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the noncontrast computed tomography of kidney, ureter,
and bladder findings, patients were classified according
to Huang and Tseng Classification.'"! Class 1 — gas in
the collecting system only; Class 2 — gas in the renal
parenchyma without extension to the extrarenal space;
Class 3A — extension of gas or abscess to the perinephric
space; Class 3B — extension of gas or abscess to the
pararenal space; and Class 4 — bilateral EPN or a solitary
kidney with EPN. All patients were managed according
to our departmental management algorithm, as depicted
in Figure 1.

The demographic parameters such as age, gender, number
of comorbidities, and body mass index (BMI) were recorded.
Laboratory parameters included hemoglobin (HB), total
leukocyte counts (TLC), platelet counts, blood glucose,
serum creatinine, serum electrolytes, serum albumin level,
utine, and exudate culture were documented. Based on
the outcomes, the patients in our cohort were classified
into three groups, namely Group 1 — Patients managed
conservatively may or may not end up with elective
nephrectomy; Group 2 — Patients survived with EN after
initial PCD; and Group 3 — Patients who succumbed to
their illness. The primary objective was to identify the risk
factors associated with mortality in patients with EPN.

Based on the significant risk factors of our study and already
been proven other poor-risk parameters in the previous
multiple studies (even not significant in the present study),

ASSES HEMODYNAMIC PARAMETERS AND STABILIZE
FLUIDS AND ELECTROLYTES MANAGEMENT
BLOOD SUGAR CONTROL
CORRECTION OF COAGULOPATHY
INITIATION OF BROAD SPECTRUM ANTIBIOTICS

NO OBSTRUCTION OBSTRUCTIVE SYSTEM
ANTIBIOTICS + PCD PCD + DJ STENT /
PCN*
HR> 90/min
Hypotension with REASSESS AFTER 48 HOURS BY REPEAT USG FOR
pressure support CONFIRMATION OF POSITION OF PCD AND NEED OF
Tachypnoea >20 ADDITIONAL DRAINAGE
Increasing TLC
NO IMPROVEMENT IMPROVED
/ DETERIORATION
EMERGENCY PCD REMOVAL AFTER
NEPHRECTOMY CONFIRMATION OF
COMPLETE DRAINAGE
l FOLLOWUP
GET NUCLEAR SCAN &

CONSIDER FOR ELECTIVE
NEPHRECTOMY IF
FUNCTION <10%

Figure 1: Algorithm for EPN management. *PCN: percutaneous
nephrostomy, DJ stent = Double J stent, PCD: Percutaneous drainage
(Insertion of pigtail catheter in renal parenchyma or perinephric space)
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the authors derived a novel prognostic scoring system with
a total score range from 0 to 10 [Table 1].

Statistical analysis

Continuous data were checked for normality by one-sample
Kolmogorov—Smirnov test and expressed as mean with
standard deviation or median with range. The comparison
of the age, glucose level, HB, TLC, platelet count, creatinine,
and BMI in relation to the categorical variables was carried
out using independent Kruskal-Wallis test/analysis of
variance. The association of outcome with categorical
variables such as gender, laterality, and type of EPN was
analyzed by Fisher’s exact test. All statistical analyses were
performed using IBM SPSS Statistics for Windows, Version
19.0 (Armonk, NY, IBM Corp) at 5% level of significance,
and P < 0.05 was considered as statistically significant.

RESULTS

The mean age of the patients in our cohort was 53 years.
Male to female ratio was 4:5. Table 2 shows the baseline
characteristics of the study population. DM was the most
common comorbidity in 62 (86%) patients, followed by
stone disease in 15 (21%). Three patients had both DM
and stone disease.

Sixty-one (84.7%0) patients were included in Group 1,4 (5.6%)
patients in Group II, and 7 (9.7%) patients in Group III
according to the predefined criteria. The presence of more
than two comorbidities (P < 0.001), high TL.C (P = 0.030),
low BMI (P = 0.015), thrombocytopenia (P = 0.046), and
hypoalbuminemia (P = 0.001) were significantly associated
with mortality [Table 3].

Urine culture was positive in 52 (72%) and sterile in
20 (27%) patients. Escherichia coli was the most common
organism isolated in 26 (36%) patients, Kiebsiella pnenmoniae
in 21 (29%) whereas Aspergilius fungus grew in 5 (7%)
patients. In the exudate culture, 39 (54%) patients exhibited
E. colr, followed by K. preumoniae in 21 (29%) patients, while
12 (16%) patients grew multiple organisms. .Aspergillus was
isolated in 2 (2%). Urine and exudate cultures showed
similar characteristics in 28 (38%) patients while in the
remainder 44 (62%) patients exhibited dissimilar organisms.
On admission, the patients were empirically administered
a combination of third-generation cephalosporin and
aminoglycoside antibiotics, which was subsequently
changed according to the culture report. Meropenem was
the second most commonly used antibiotic followed by
Piperacillin tazobactam. In 32 (45%) patients, the isolated
organisms exhibited resistance to the third-generation
cephalosporins.
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Table 1: Prognostic scoring system based on number of
adverse factors

Risk factors Present

Age >50 years 1
>2 Comorbidities

TLC >12,000 or <4000
BMI>30 or <18

Platelets <100,000/mm?3
Serum creatinine >3
Albumin 2.5 g/dI
Grade of EPN Il or IlI
Sodium <130

Multidrug resistance
Total score 10

—_ o

EPN: Emphysematous pyelonephritis, TLC: Total leukocyte count,
BMI: Body mass index

Table 2: Baseline characteristics of study population

Patients characterstics Value
Total number of patients 72

Age in years (meanSD) 53.33+£10.77
Male:female ratio 32/40 (4:5)

Co-morbidities (%)
DM 62 (86)
Hypertension 5
Pulmonary tuberculosis 1
Chronic kidney disease 5
Hypothyroidism 2
Chronic liver disease 1
Coronary artery disease 1

APLA syndrome 1

BMI in kg/m? (mean+SD) 24.21+3.4
Type of EPN (%)

| 10 (13.9)

Il 32 (44.4)

Illa 15 (20.83)

Ilb 14 (19.44)

\% 1(1.4)
Laterality (%)

Right 33 (45.8)

Left 38 (52.8)

Bilateral 1(1.4)
Stone disease 15 (20.8)

SD: Standard deviation, DM: Diabetes mellitus, BMI: Body mass index,
EPN: Emphysematous pyelonephritis, APLA: Antiphospholipid antibody
syndrome

Table 4 shows a comparison of parameters between the
elective and EN patients. Among the 14 nephrectomies
performed, 6 were emergency and 8 were elective. The
indication for EN in our series was sepsis with progressive
deterioration in the general condition in spite of PCD and
intensive medical care. The mortality rate in EN group was
33% (2 patients died). However, no mortality was reported
in elective nephrectomy group. The median follow-up of
patients was 37 months (8—78 months).

On applying the prognostic scoring model, the patients
were stratified into three risk categories-favorable (0—4),
intermediate (5-7), and grave (8—10) [Table 5]. Among the
48 patients in the favorable risk group, 47 (98%) patients
were successfully managed by PCD alone while 1 (2%)
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Table 3: Comparison of parameters in different groups

Variables

Group | (%)

Group Il (%)

Group Il (%)

Significance

Total number of patients
Age in years (SD)
Female gender
>2 comorbidities
Mean glucose level in mg/dl (range)
Right/left side
Mean hemoglobin in mg/dl (SD)
Mean TLC count in/mm? (SD)
Mean platelet counts in/mm? (range)
Mean creatinine in mg/dl (range)
Mean albumin in g/dl
Mean BMI in kg/m? (SD)
Stone disease
Mean serum Na in mEq/L
Mean serum K in mEq/L
Type of EPN
|

Il

1

\%
Nephrectomy

61(84.7)
52.43(10.8)
32 (52.5)

7 (11.5)

273 (62-886)
31/29 (1 bilateral)
9.2 (1.8)
16594 (7137)
262x10° (47-808x10°%)
2.12 (0.7-10)
2.9 (1.7-3.6)
24.6 (3.32)

14 (23)

131 (6.7)

4.4 (0.78)

10 (16.4)
28 (45.9)
22 (36)
1(1.6)

8 (elective)

4(5.6) 7(9.7)
58 (11.6) 58.57 (8.2) 0.245*
4 (100) 4 (57) 0.217**
2 (50) 5 (71) <0.001**
335 (229-423) 389 (60-546) 0.992%**
0/4 2/5 0.226**
7.5 (1.7) 9.1 (1.8) 0.224*
21027 (9244) 23447 (4564) 0.036*
102.5x10° (55-582x 10°) 72x10° (58-360x109) 0.046***
2.6 (1.6-11) 4.3(2.56-7.7) 0.052%**
2.7 (1.2-2.9) 2.2 (1.4-2.8) 0.001***
22.33 (1.95) 2112 (3) 0.015*
1(25) 0 0.459**
129 (2.8) 131 (7.4) 0.837*
4.6 (1.19) 4.6 (0.52) 0.739*
0 0
0 4 (57) 0.276**
4 (100) 3 (43)
0 0

4 (emergency)

2 (emergency)

*ANOVA test, **Fisher’s exact test, ***Kruskal-Wallis test. ANOVA: Analysis of variance, SD: Standard deviation, BMI: Body mass index,

EPN: Emphysematous pyelonephritis, TLC: Total leukocyte count

Table 4: Characteristics of elective and emergency
nephrectomy patients

Parameters Elective nephrectomy Emergency nephrectomy
Total number 8 6
of patients
Mortality (%) 0 2 (33)
Type of EPN
| 1 0
Il 3 2
1l 4 4
I\ 0 0
Urine culture  E. coli (4) Candida (2)
Sterile (3) E. coli (1)
E. coli + Enterococcus (1) Sterile (3)
Exudate E. coli (5) A. flavus (2)
culture Klebsiella (1) Klebsiella (2)
Sterile (2) E. coli (1)

E. coli + Enterococcus (2)

E. coli: Escherichia coli, A. flavus: Aspergillus flavus, EPN: Emphysematous
pyelonephritis

Table 5: Prognostic scoring and outcome of patients
Group | (%) Group Il (%) Group Il (%)  Total

Score grading

number of
patients
Good (0-4) 47 (98) 1(2) 0 48
Intermediate (5-7) 14 (66.6) 3(14.2) 4 (19) 21
Poor (8-10) 0 0 3 (100) 3

patient required EN. There was no mortality in this group.
Intermediate-risk group comprising 21 patients, 14 (66.6%)
patients were salvaged with PCD while 3 (14.2%) survived
after EN and mortality was encountered in 4 (19%)
patients. In the poor risk group, all the 3 (100%) patients
were expired.

Urology Annals | Volume 11 | Issue 4 | October-December 2019

DISCUSSION

The patients with EPN usually present in sepsis and need
intensive care management. Like any other disease, the
management of EPN can be guided by its associated
factors. These factors can be modifiable or nonmodifiable
and help us in triage. In our study, 61 (84.7%) patients
were successfully managed by PCD alone, and only
4 (5.6%) required EN. The overall mortality rate was
9.7%, which is less than the other similar studies./*®
This reduction in mortality was achieved by following a
standardized multidisciplinary approach and by avoiding
aggressive surgical management whenever possible.
There was no mortality in patients with Type I and IV
EPN, while 4 (57%) and 3 (43%) patients with Type 11
and I1I EPN died. Since there was only one patient with
Type IV EPN in our series, it is not possible to make a
meaningful conclusion. Similarly, in Group II (patients
requiring EN), all four patients had Type 111 EPN, even
though the type of EPN was not a significant prognostic
factor (P = 0.270).

In our series, DM was the most commonly associated
comorbidity prevalent in 62 (86%) of patients. We
observed that patients with >2 or more comorbidities had
a significantly higher mortality risk. Among the 14 patients
with >2 comorbidities, the mortality rate was 35.7%.
Olvera-Posada et al™ observed that the severity of DM per
se did not significantly correlate with the mortality. Hence,
a combination of comorbidities is a poor prognostic
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indicator rather than the severity of any single comorbidity.
It has been further demonstrated that the chances of
multiorgan dysfunction increases with the number of
associated chronic comorbid conditions.!'

Central obesity is well known to be associated with
DM.I'"I Howevet, in our study, mean BMI of patients
was 24.21 kg/m?* and extremely low BMI was found to
be significantly associated with mortality (P = 0.015).
This observation can be explained by the fact that
predominantly the patients with diabetes in the South
Indian population have a low BMLI" On the contrary,
Ramachandran ez /" demonstrated that in patients of
EPN, high BMI was significantly associated with poor
prognosis. Based on these, extremes of BMI can be
considered as significant factors for mortality. For better
interpretation, it is imperative to consider BMI along with
other clinical features.

Moreover, in the mortality group, mean platelet
counts and serum albumin level were 72,000/ mm? and
2.2 g/dl, respectively. Thrombocytopenia (P = 0.046)
and hypoalbuminemia (P = 0.001) were significantly
associated with mortality. Surprisingly, patients
with stone disease responded well to conservative
management, and no mortality was reported in this
group of patients.

Kapoor et al™ reported that thrombocytopenia, altered
mental status, severe hyponatremia, and renal failure as
poor prognostic factors similar to our study. However,
the basis of serum creatinine cutoff of >2.5 mg/dl in
their study was unclear. In our study, the mean creatinine
was 3.06 mg/ dl and this was not statistically significant
parameter among groups (P = 0.052). However, clinically
high serum creatinine was associated with mortality and
median creatinine level in mortality group was 4.3 mg/dL.

Majority of the patients with EPN are usually referred
to our department after initial treatment in a primary
and secondary health-care centers. As multiple studies
suggest different prognostic factors, it is difficult for
physician to propetly prognosticate and manage this crucial
emergency.>*"* To overcome this, the authors have
proposed a novel prognostic scoring system for the index
patient to predict the outcomes in these vulnerable group
of patients. The morbidity and mortality of the patients
falling into the intermediate and grave prognostic risk
groups is more than 50% in our series. We believe that this
scoring system can help physicians to triage patients and
refer patients who are expected to have poorer outcomes
to tertiary care centers at the eatliest.
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Yu-Chuan Lu ez al! observed that E. co/i was the most
common causative organism in 49% of their patients,
tollowed by K. pneumoniae. Overall, antimicrobial resistance
rate was 79% for ampicillin, 22.7% for gentamicin,
and 10.9% for third-generation cephalosporins. They
had recommended third-generation cephalosporins as
first-line treatment in their patients. Similarly, E. o/ and
K. pneumoniae were the most common causative organisms
in our study. Interestingly, among the five (7%) patients,
who grew fungus in urine culture, two patients had EN
and two patients expired. Thirty-two (45%) patients of
our series demonstrated resistance to third-generation
cephalosporin. This is attributed to the fact that majority
of patients were already treated with multiple antibiotics
before being referred to our center. We believe that this
unregulated antibiotic usage is one of the important
reasons for the higher morbidity and mortality in our
series and the authors strongly recommend for antibiotic
stewardship which has not been adopted adequately in
the developing countries. We recommend a combination
of third-generation cephalosporin with aminoglycoside as
a first line of treatment and administer carbapenem with
aminoglycoside only when a patient has already been on a
cephalosporin medication. We also observed that 44 (61%)
patients had different organisms grown in urine and
exudate culture. It could possibly because of urinary tract
obstruction of affected kidney owing to papillary necrosis.

Falagas ef al*" in their systematic review, and meta-analysis
concluded that conservative management alone, bilateral
EPN, Type I EPN, thrombocytopenia were associated with
increased mortality. Moreover, hypotension, altered mental
status, elevated serum creatinine may influence the patient
outcomes, however, with limited evidence.

Although PCD with conservative management has been
the favored initial approach for EPN management, there
is a widespread variation in the clinical practice worldwide.
Furthermore, in a recent meta-analysis by Aboumarzouk
et al., concluded that PCD and medical management
were associated with a significantly lower mortality rate
than EN, with an odds ratio for PCD versus EN of
3.13 (1.89-5.16; P < 0.001). Although some authors
have described standard protocols to be adopted for
the management of EPN patients, still there are some
pertinent question remain unanswered.”*! This includes
management strategies in different clinical scenarios,
when and how to reassess patients and how to follow
these patients once the emergency has been dealt with.
In an attempt to answer these, the authors have designed
a standard algorithm which has been adopted in all the
patients in our hospital. Patients with Grade I EPN
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were managed with antibiotics followed by double | (DJ)
stenting or percutaneous nephrostomy (PCN) if needed
after stabilization. We advocate DJ stenting or PCN
along with PCD in patients with EPN who present with
hydroureteronephrosis and/or perinephric collection.
PCD is the insertion of pigtail catheter in the air cavity. It
is required in a patient with Grade II or III EPN with at
least >3 cm renal parenchymal collection. It is mandatory
to reassess these patients at 48 h by ultrasonography, as this
period is the critical determinant of outcome. We consider
EN in nonresponders or who deteriorate at this time frame.
We also emphasize follow-up with radionuclide scan and
consideration of nephrectomy if the differential function
is <10% as pootly functioning kidney is always a source of
recurrent pyelonephritis and urinary tract infection. The
authors would like to suggest that there is no ambiguity in
patient care by the adoption of this protocol.

To the best of our knowledge, this is the first study
which has explored the feasibility of a scoring system to
prognosticate EPN patients in a large cohort followed by
the management of disease according to algorithm. The
limitations of the study include retrospective study design
and nonapplicability of multivariate analysis due to a limited
number of patients in each arm. As this is an uncommon
emergency condition with wide variations in management
approaches, there is a need to perform a multi-institutional
prospective study to validate our management algorithm
and the scoring system which may help to us standardize
the patient care to deliver optimal outcomes.

CONCLUSION

Conservative management following an appropriate
algorithm reduces mortality and avoids unnecessary
emergency nephrectomies. Scoring system is not difficult
to understand, easily applicable and guides in disease
management even for the primary care physician. Although
EPN is still a dreaded disease, multidisciplinary approach
in a tertiary care center may help in optimizing these
patients.
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