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ABSTRACT

Diabetes mellitus is a common cause of pyelonephritis. Both emphysematous pyelonephritis (EPN) and non-EPN (NEPN) are
associated with poor outcome. This study was aimed at analyzing the clinical features, microbiological profile, prognostic factors,
and treatment outcome of pyelonephritis in diabetic patients. A total of 105 diabetic patients with pyelonephritis were admitted
from July 2010 to June 2012. Patients were treated with appropriate antibiotics and percutaneous drainage (PCD) as indicated.
Nephrectomy was carried out in patients of EPN who were refractory to conservative measures. NEPN and EPN were seen in
79 (75.2%) and 26 (24.7%) patients, respectively. Escherichia coli was the most common organism. Pyelonephritis was associated
with renal abscess and papillary necrosis in 13 (12.4%) and 4 (3.8%) patients with EPN and NEPN, respectively. Worsening
of renal functions were seen in 92 and 93% of patients with EPN and NEPN, respectively. Class 1 EPN was seen in 2 (7.7%),
Class Il 'in 8 (30.7%), llla in 7 (27%), Illb in 5 (19.3), and IV in 4 (15.4%) patients. Antibiotics alone were sufficient in 38.5% of
EPN versus 62% in NEPN; additional PCD was required in 42.3% in EPN and 21.4% in NEPN. Nephrectomy was required in
5 (19.2%) EPN patients with Class I1IB or IV. A total of 13 patients (12.4%) expired, 4 (15.4%) in EPN, and 9 (11.4%) in NEPN
group. Patients with EPN had a higher incidence of shock (6% vs. 0; P < 0.05) and poorly controlled blood sugar (26% vs. 50%;
P < 0.05) compared with NEPN. Presence of shock and altered sensorium were associated with poor outcome in patients with
EPN. Diabetics with pyelonephritis have severe disease. Patients of EPN have poorer treatment outcome compared with those
with NEPN. However, there is no difference in the mortality, but a greater need of nephrectomy in EPN compared with NEPN
patients. Presence of shock and altered sensorium at presentation were poor prognostic factors in EPN.
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Introduction

In a recent community-based estimate, urinary tract
infections (UTIs) were found to be second only to lower
respiratory tract infections among older diabetics with
incidence of 51.4 and 147.9/1000 years for men and
women, respectively.l!! The extent of involvement ranges
from inconsequential lower urinary tract colonization to
cystitis, pyelonephritis and renal or perirenal abscess.
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Patients with diabetes mellitus (DM) have increased
incidence of acute pyelonephritis compared with
nondiabetics; however, there are no studies to address
this issue.

Emphysematous pyelonephritis (EPN) is the necrotizing
infection of renal parenchyma with the presence of gas
in the renal parenchyma, collecting system or perinephric
tissue. EPN is an uncommon life-threatening condition,
precipitated mainly by poorly controlled blood sugars and
urinary tract obstruction. Prevalence of diabetes in patients
with EPN ranges from 53%-90%, respectively. Conventional
treatment of EPN is parenteral antibiotics with percutaneous
or open surgical drainage and/or nephrectomy. There is no
current consensus on management of EPN as to whether
present day antibiotics alone good enough or is surgical
intervention necessary and if surgical intervention required
when should one go for nephrectomy:.

NonEPN (NEPN) is a common UTI encountered in diabetic
patients. Rollino et al. had analyzed 223 patients of NEPN,
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but it had only 14 patients with DM. The authors observed
that the risk factor for NEPN was seen in 26% of cases
and renal failure during the course of illness was seen in
9.4% of cases.”” In addition, bilateral pyelonephritis is
more common in diabetics, which predisposes them to
more severe infection and greater complications. Diabetic
patients are more likely to suffer from acute kidney injury
due to UTI compared with nondiabetics.

However, there have been no large studies, which
have selectively looked into the clinical, microbial
profile and treatment outcome of diabetic patients with
pyelonephritis both NEPN and EPN. Hence to address
this issue, this prospective observational study was
undertaken to evaluate clinical, microbial profile, and
treatment outcome of both NEPN and EPN in diabetic
patients.

Materials and Methods

We prospectively followed all patients hospitalized
at this hospital from July 2010 to June 2012 with a
diagnosis of type 2 DM with pyelonephritis. The clinical
features and laboratory data at the initial presentation,
management and outcomes were collected prospectively.
The laboratory data included hemoglobin (HbA1lc), total
leukocyte count, differential count, platelet count, serum
creatinine, fasting and post prandial blood glucose, urine
routine examination with culture sensitivity, blood culture
sensitivity, glycosylated HbAlc, and ultrasonography
of urinary tract was performed at baseline. Contrast
enhanced computerized tomography (CECT) was
performed in case of suspected renal abscess and
nonrecovering pyelonephritis.

Definitions

* Acute pyelonephritis was said to be present when
patient complained of fever with chills and rigors,
flank pain, nausea, and vomiting. Ultrasound
imaging studies were done and was considered
to be suggestive of pyelonephritis if there was
a combination of enlarged kidney, presence of
collection and/or perinephric stranding

* Emphysematous pyelonephritis was defined based
on the presence of gas in the renal parenchyma,
collecting system or perinephric tissue. On the
basis of CT scan patients were classified into the
following classes: (1) Class 1: Gas in the collecting
system only (2) Class 2: Gas in the renal parenchyma
without extension to the extrarenal space (3) Class
3A; Extension of gas or abscess to the perinephric
space; Class 3B: Extension of gas or abscess to the
pararenal space (4) Class 4: Bilateral EPN or solitary
kidney with EPN

* Renal abscess: Clinical manifestations of renal and
perinephric abscess were similar to those of acute
pyelonephritis. Imaging studies was done to localize
abscess

e Papillary necrosis was said to be present when
tissueuria on histopathology showed papilla or CECT
depicted contrast material-filled clefts in the renal
medulla, and nonenhanced lesions surrounded by
rings of excreted contrast material

* Renal dysfunction: Presenting serum creatinine
>1.5 mg/dl

*  Urine culture positive: >10° colony-forming units/ml
of bacteria were found

* Computed tomography was diagnostic of
pyelonephritis if single or multiple hypodense areas
were evidenced after contrast medium injection along
with above-mentioned clinical features

*  Glycemic control: Defined as good if HbAlc <7%,
moderate if HbAlc 7-7.5% and poor if HbAlc >7.5%.

Management

Patients were treated with antibiotic as per culture
sensitivity reports. Patients with NEPN were treated
with parenteral antibiotics for 1 week followed by
oral antibiotics for 2 weeks and EPN patients received
antibiotics for at least 3 weeks. Patients with fungal UTI
were initially treated with fluconazole for Candida Sp.
and amphotericin for noncandida sp. and changed as per
culture sensitivity and continued for 2 weeks.

Percutaneous drainage (PCD) with pigtail or
percutaneous nephrostomy tube was inserted into pelvis
or perirenal space to drain out fluid collection/gas in
addition to antibiotics. Nephrectomy was carried out in
patients refractory to antibiotics, PCD and/or clinical
deterioration.

Patients were divided into “good” and “poor” outcome
groups to elucidate the risk factors. The patients who were
successfully treated with antibiotics alone or with PCD
were assigned to “good” outcome group. Those who had
nephrectomy or died were classified as “poor” outcome
group. The two groups were compared for clinical
features, and laboratory data at initial presentation.

Statistical methods

Values are expressed as mean =+ standard deviation. The
differences two groups were compared using Fischer exact
test (two tailed) for categorical variables and Wilcoxon
rank sum test for continuous variables. Univariate analysis
was used to assess the outcomes in patients with EPN and
NEPN. P < 0.05 was taken as an upper limit of statistical
significance.
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Results

During the study period, a total of 105 patients with
type 2 DM had pyelonephritis. Of these, 26 (24.8%) had
EPN and 79 (75.2%) had NEPN. Renal papillary necrosis
and renal abscess was seen in 4 (3.8%) and 13 (12.3%)
patients, respectively. The mean age of the patients was
57.4 + 8.5 years (age range 20-75 years). Pyelonephritis
was more common in males compared with female
sex (62:43). Duration of symptoms prior to hospitalization
ranged from 18.34 = 6.33 (range 5-30) days. Renal
dysfunction at presentation was seen in 98 (93.3%)
patients. Bilateral involvement was seen in 35 (33.3%)
patients. Fever was the most common presenting symptom
followed by dysuria. Urine and blood cultures were
positive in 93 (88.5%) and 41 (39%) patients respectively.
Gram-negative bacilli were the most frequent organisms
isolated, Escherichia coli in 81 (77.1%), Klebsiella sp.
in 5 (4.7%), Pseudomonas in 8 (7.6%), polymicrobial
and fungal UTI were seen in 12 (11.4%) and 7 (6.6%)
respectively. The fungus included Candida albicans in
five patients (all managed with fluconazole), Candida
glabrata in one (initially managed with fluconazole and
changed to amphotericin once the species identification
and sensitivity was available) and aspergillus sp. (managed
with amphotericin) in one patient. Good, moderate, and
poor glycemic control was seen in 13 (12.3%), 16 (15.2%)
and 76 (72.3%), respectively.

Comparison of the clinical features, microbiological
details, laboratory data, management and outcome of
EPN and NEPN are given in Table 1. Patients with EPN
had poorer sugar control and higher rates of nephrectomy
compared with NEPN patients (P < 0.05). Other clinical
features were statistically similar in the two groups.
Majority of patients with EPN and NEPN responded to
antibiotics with or without PCD. Of 26 EPN patients,
22 (84.5%) survived and 4 (15.3%) expired. While in
NEPN, 70 (88.6%) survived and 9 (11.3%) expired. In
none of the NEPN patients, nephrectomy was required,
while in EPN five patients underwent nephrectomy of
these four survived.

The nature of treatment and clinical outcome of patients
with EPN is depicted in Table 2. All patients with Stage I,

Table 2: Treatment and outcome of EPN

IT and Illa EPN (n = 17) were managed with antibiotics
with or without PCD. One patient (5.9%) expired in
this subgroup. In EPN Stage IIIb/IV (n = 9), 4 (44.4%)
patients were managed with antibiotics and PCD and

Table 1: Characteristics of EPN and NEPN

Clinical profile Number (%)
EPN (n=26) NEPN (n=79)
Clinical features
Age (years) 56.62+7.70 58.18+9.30
Sex (male female) 1610 4633
Fever 25 (96.1) 73 (92.4)
Dysuria 13 (50)* 59 (74.6)
Loin pain 22 (84.6) 46 (58.2)
Altered sensorium 04 (15.3) 20 (25.3)
LUTS 09 (34.6) 47 (59.4)
Renal dysfunction (serum 20 (76.9) 59 (74.6)
creatinine>1.5 mg%)
Shock 05 (19.2) 00 (00)
Leukocytosis 16 (61.5) 53 (67)
Thrombocytopenia 09 (34.6) 16 (20.2)
Stone 02 (7.6) 11 (13.9)
Unilateral 22 (84.7) 48 (60.7)
Right 13 (59) 17 (35.4)
Left 09 (41) 31 (64.5)
Bilateral 04 (15.3) 31(39.2)
Urine culture
Culture positive 24 (92.3) 69 (87.3)
E. Coli 22 (84) 59 (75)
K. Pnemonia 02 (08) 03 (04)
Pseudomonas 02 (08) 06 (7.5)
Polymicrobial 04 (15) 08 (10)
Fungal 01 (04) 06 (7.5)
Culture negative 02 (7.7) 10 (12.6)
Blood culture positive 06 (23) 35 (44)
HbA1C
<7% 00 (00) 13 (16.4)
7-7.5% 00 (00) 16 (20.2)
>7.5% 26 (100)@ 50 (63.2)
Treatment
IV antibioticsxalone 10 (38.4) 42 (53.1)
Antifungals+antibiotics 01 (3.8) 07 (8.8)
IV antibiotics+PCD 11 (42.3) 17 (21.5)
Nephrectomy 05 (19.2)** 00 (00)
RRT requirement 05 (19.2) 13 (16.4)
Outcome
Survival without nephrectomy 18 (69.2) 70 (88.6)
Survival with nephrectomy 04 (15.3) 00 (00)
Expired 04 (15.3) 09 (11.3)

NB Value in parenthesis indicates percentage. *P=0.027,

@P<0.0001, **P=0.0007. EPN: Emphysematous pyelonephritis,
NEPN: Nonemphysematous pyelonephritis, LUTS: Lower urinary tract
symptoms, PCD: Per cutaneous drainage, RRT: Renal replacement
therapy, E. Coli: Escherichia coli, K. Pnemonia Klebsiella Pnemonia,
HbA1C Glycosylated hemoglobin; IV: Intravenous

EPN Antibiotics only PCD+antibiotics Nephrectomy* Survived Expired**
Stage 1 (n=2) 02 (100) 00 00 02 (100) 00
Stage Il (n=8) 07 (87.5) 01 (12.5) 00 08 (100) 00
Stage llla (n=7) 01 (14.3) 06 (85.7) 00 06 (85.7) 01 (14.3)
Stage llIb (n=5) 00 01 (20) 04 (80) 04 (80) 01 (20)
Stage IV (n=4) 00 03 (75) 01 (25) 02 (50) 02 (50)

Need for nephrectomy in stage Illb/IV *0.0019, Mortality in stage I11Ib/IV **0.10. NB Value in parenthesis indicates percentage. EPN: Emphysematous

pyelonephritis, PCD: Percutaneous drainage, IV: Intravenous
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5 (55.6%) needed nephrectomy. The need of nephrectomy
was significantly higher in Stage IIIb/IV; however, the
mortality in these stages were higher when compared to
I/11/111a but not statistically significant.

In EPN good outcome (survival without nephrectomy)
was seen in 18 (69.2%), while the poor outcome
(mortality/nephrectomy) in 8 (30.8%) patients. In NEPN
patients, good outcome was observed in 70 (88.6%) and
poor outcome in 9 (11.4%). Of different variable viz.
HbAlc, retinopathy, shock, thrombocytopenia, altered
sensorium, renal dysfunction and leukocytosis, only altered
sensorium and shock at presentation were associated with
poor outcome in EPN patients only (P < 0.05) [Table 3].

Discussion

DM is a common predisposing factor for UTI. In
comparison to nondiabetics, epidemiological studies have
shown that the relative risk of UTI in diabetics increases
by a factor of 1.2-2.2.%5 Among hospitalized patients
with acute pyelonephritis, DM has been shown to be the
single most common predisposing cause.® The severity
of UTIs is also increased in DM; the mean hospitalization
rate in patients with acute pyelonephritis was found to be
3.4-24. One times higher in diabetics than nondiabetics. ¢!
Pyelonephritis in DM tends to be more frequently bilateral
and is associated with greater complications. This fact
is also corroborated by the present study, which is the
largest study of pyelonephritis in diabetics, one-third of
patients with acute pyelonephritis had bilateral disease,
39% had bacteremia and 17% had renal failure requiring
renal replacement therapy at presentation. Patients with
suspected complications underwent CECT irrespective of
their renal functions, as the majority of the patients had
renal dysfunction even before contrast exposure, it would
be very difficult to judge the contribution of contrast to

Table 3: Comparison of prognostic indicators of poor
and good outcome in EPN and NEPN

Variable Emphysematous NEPN
pyelonephritis (n=26) (n=79)
Good Poor Good Poor
outcome outcome outcome outcome
(n=18) (n=8) (n=70) (n=9)
HbA1c>7.5 18 (100) 08 (100) 27 (38.5) 05 (55.5)
Retinopathy 12 (66.6) 06 (75) 45 (64.2) 06 (67)
Shock 01 (5.5)2 05 (62.5)> 00 (00) 00 (00)
Thrombocytopenia 02 (11.1) 02 (25) 14 (20) 02 (22.2)
Altered sensorium 01 (5.5)° 04 (50)¢ 17 (24.2) 02 (22.2)
Renal dysfunction 13 (72.2) 07 (87.5) 52 (74.2) 07 (77.7)
Renal replacement 07 (38.8)° 06 (75)' 03 (4.2) 02 (22)
therapy
Leukocytosis 14 (77.7) 08 (100) 47 (67.1) 06 (66.6)

HbA1C: Glycosylated hemoglobin, EPN: Emphysematous pyelonephritis,
NEPN: Nonemphysematous pyelonephritis. Value in parenthesis indicates
percentage. 2°0.0045, ¢“0.02, ¢'0.20, 90.09

persistent renal failure. Although, UTIs in diabetics tend
to be more severe, the spectrum of causative organisms
for acute pyelonephritis is similar when compared to
nondiabetics. In this study, E. coli was isolated in urine
culture in 77% of patients.

Emphysematous pyelonephritis is a severe, necrotizing
renal infection with potential to cause high morbidity and
mortality, particularly if the diagnosis (and subsequent
percutaneous/surgical intervention) is delayed. In
this study, there were no many statistically significant
differences in the presenting clinical features between
nonEPN and EPN. The diagnosis in the majority of our
patients was made incidentally by performing imaging
studies in all patients of suspected pyelonephritis. Since
there is a significant difference in the management
approach between nonEPN and EPN, the results of the
present study emphasize the importance of maintaining
a high degree of suspicion and performing imaging
studies early during the course of illness in diabetics
with suspected acute pyelonephritis. All cases of EPN
were confirmed on CT scans. In literature, the reported
sensitivity of plain X-ray kidneys, ureters, and bladder,
ultrasound and CT scan for picking up EPN is 65%, 69%
and 100%, respectively.[”!

In the present study, all patients with EPN had poorly
controlled blood sugars (HbAlc >7.5%). Hyperglycemia
has been postulated as an important factor for the
formation of gas in the renal parenchyma, probably
because gas formation requires anaerobic metabolism of
glucose.®1% This is in contrast to NEPN, which commonly
occurs in the nondiabetic setting and can occur in the
presence of well-controlled sugars in diabetic. Even in
the present study, about one third of patients with NEPN
had good or moderate control of blood sugars.

The optimal management of EPN is a matter of debate.
The initial management consists of fluid and electrolyte
resuscitation, antibiotics, glycemic control, and relief
of obstruction. This is followed by either continuation
of medical management alone, or PCD or surgical
nephrectomy. Although medical therapy alone has been
shown to be successful in a few reports,* this approach is
generally associated with the highest mortality.’®?! Thus,
surgical therapy was thought to be the gold standard
for treating EPN until the early 1990s. PCD along with
antibiotics has been increasingly recognized over the last
two decades for treating EPN.”131 Whether antibiotics
along with drainage is enough, or there is a need of
urgent nephrectomy? This study provides an answer
to this dilemma faced by the clinicians. In the present
study, majority (94.1%) of patients with Class I, I or Illa
disease on CT scan improved after antibiotic therapy
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either alone (used in Class I only) or combined with
PCD. In contrast, 80% of patients with Class IIIb disease
underwent nephrectomy and improved subsequently. The
results of our study support the prognostic significance
of the CT scan based classification proposed by Huang
and Tseng,'™® and suggest that antibiotics along with
PCD can be successfully used to manage Class I, II, Illa
EPN, whereas for IIIb and IV, a strict vigil is required as
nephrectomy may have to be contemplated.

In contrast to EPN, NEPN is much more frequently
seen in clinical practice and commonly occurs in the
absence of diabetes and usually responds to antibiotics
with or without aspiration of any abscesses. When
compared to largest series of acute pyelonephritis by
Rollino et al., patients in the present series had higher
blood and urine culture positivity, renal dysfunction
and mortality. The poor outcomes of the present study
could be explained by the presence of diabetes, bilateral
pyelonephritis and delayed institution of antibiotics.
Nephrectomy was required in 19% of patients with
EPN and none of patients with NEPN required
nephrectomy (P = 0.0007). Mortality was reported
in 15% and 11% of patients with EPN and NEPN
respectively (P = 0.73). Poor outcomes was reported
more often in EPN compared to NEPN (P = 0.03);
however, when nephrectomy and mortality were
analyzed as two different variables, only nephrectomy
was found to be significantly higher in patients of EPN
as compared to NEPN.

Conclusion

A high index of suspicion and early imaging studies are
required to diagnose EPN in diabetics presenting with
features of pyelonephritis, especially if blood sugars are
poorly controlled. EPN patients with Class I, IT and Illa can
be managed successfully with either antibiotics or with
additional PCD. Class IIIb and IV may need nephrectomy.
EPN with thrombocytopenia and altered sensorium at
presentation portends poor prognosis. NEPN is diabetics
may be associated with renal failure and a high mortality
rate.
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