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Risk Factors of Sepsis in Obstructive Acute Pyelonephritis Associated with
Urinary Tract Calculi
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Department of Urology, Bundang Jesaeng General Hospital, Seongnam, Korea

Purpose: The aim of this study is to identify the risk factors for development of sepsis
in patients with obstructive acute pyelonephritis (APN) associated with urinary tract
calculi.
Materials and Methods: Between January 2004 and December 2013, 73 patients
with obstructive APN associated with upper urinary tract calculi were admitted to
our institution. Medical records of 73 patients (14 men and 59 women, mean age
of 57 years) were reviewed retrospectively. The risk factors for sepsis were analyzed
using multivariate logistic regression analysis.
Results: Of 73 patients, 37 (50.7%) developed sepsis. Old age and history of
hypertension were more common in the sepsis group than in the non-sepsis group
(p＜0.001 and p=0.018). The white blood cell count, neutrophil count, plateletto-lymphocyte ratio, neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein
level were significantly higher in the sepsis group (p=0.011, p=0.001, p=0.042,
p＜0.001 and p=0.006, respectively). Lymphocyte count, platelet count, and
albumin level were significantly lower in the sepsis group (p＜0.001, p=0.008 and
p＜0.001, respectively). Multivariate logistic regression analysis indicated that old
age (odds ratio [OR], 2.13; p=0.023), decrease in serum albumin level (OR, 4.27;
p=0.041), and high NLR (OR, 3.83; p=0.037) were independent risk factors for
development of sepsis.
Conclusions: Elderly patients with obstructive APN associated with urinary tract
calculi who have low serum albumin levels and high NLR should be treated carefully
against development of sepsis.
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are often accompanied by signs of bladder irritation,
including dysuria, increased urinary frequency, and urgency.
APN may be accompanied by gastrointestinal tract symptoms
such as nausea, vomiting, abdominal pain, and diarrhea.
The infections in patients with APN can be subdivided
into uncomplicated infections that do not warrant
hospitalization, uncomplicated infections in patients with
normal urinary tracts who are ill enough to warrant hospi-

INTRODUCTION
Acute pyelonephritis (APN) is defined as inflammation
of the kidney and renal pelvis. The diagnosis is clinical
and the clinical spectrum ranges from sepsis to cystitis with
mild flank pain. The classical presentation is abrupt-onset
chills, fever, unilateral or bilateral flank pain, and costovertebral angle tenderness. These upper urinary tract signs
108
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talization for parenteral therapy, and complicated or obstructive
infections associated with hospitalization, catheterization, or
urologic surgery. Obstructive APN is defined as an infection
of the renal parenchyma and perirenal tissue associated with
organic or functional urinary tract abnormalities.
APN with obstructive uropathy is a common cause of
urological morbidity and can progress to urosepsis and
septic shock. Sepsis is a clinical syndrome characterized
by extremes of body temperature, heart rate, respiratory
rate, and white blood cell (WBC) count occurring in
response to an infection. Sepsis is defined as a systemic
inflammatory response to infection, and systemic inflammatory response syndrome (SIRS) includes two or more
o
of the following: 1) fever greater than 38 C or less than
o
36 C; 2) a heart rate of greater than 90 beats per minute;
3) tachypnea, as manifested by a respiratory rate exceeding
20 breaths per minute or hyperventilation, as indicated by
a partial CO2 pressure of less than 32 mmHg; and 4) an
altered WBC count, including a count greater than
3
3
12,000/mm or less than 4,000/mm , or more than 10%
immature neutrophils [1-3]. SIRS should be managed rapidly
and appropriately; urosepsis and septic shock associated
with obstructive uropathy frequently require drainage.
APN with obstructive uropathy is not uncommon and
often progresses to serious conditions, including sepsis and
septic shock. Therefore, it is important to find the prognostic
factor for developing sepsis or septic shock and helpful
to establish therapeutic plans. We assessed the risk factors
for progression to sepsis in patients with obstructive APN
associated with urinary tract calculi.

MATERIALS AND METHODS
We conducted a retrospective medical chart review of
all admissions for the treatment of APN with urinary tract
calculi to the Department of Urology, Bundang Jesaeng
General Hospital, Seongnam, Korea, from January 2004
to December 2013. The criteria for study enrollment were
as follows: 1) met the definition of SIRS; 2) positive urine
5
culture with greater than 10 colony-forming units (CFU)/ml
and no antibiotic therapy just before consultation in our
2
urological department or greater than 10 CFU/ml or pyuria,
defined as 10 or more leukocytes per high power field
in the centrifuged specimen with flank pain, and some
antibiotic therapy just before consultation in our department;

and 3) no clinical focus of infection outside the urinary
tract [4]. In males, a digital rectal examination and palpation
of the epididymides and prostate were performed to rule
out acute prostatitis and acute epididymitis. Blood and
midstream urine cultures were performed in all patients
with antimicrobial susceptibility testing. When susceptibility
testing indicated resistance to the initial empirical treatment,
the antibiotics were replaced with another susceptible one.
The following data were recorded: patient demographics;
laterality; presence of hypertension and diabetes mellitus;
performance status; WBC, lymphocyte, and neutrophil
counts; platelet-to-lymphocyte ratio (PLR); neutrophil-tolymphocyte ratio (NLR); and C-reactive protein (CRP) and
serum albumin levels.
The variables in the different groups were compared
using the independent sample t-test or chi-square test.
Independent predictors of septic shock were determined
using a multivariate logistic regression analysis. Results with
a probability of less than 0.05 were considered statistically
significant. The statistical analyses were performed using
PASW Statistics ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS
Of 73 patients, 37 (50.7%) developed sepsis. The mean
patient age was 57 years and the male/female ratio was
0.23. There was a significant difference in age between
the sepsis and non-sepsis groups (p＜0.001). Performance
status (p=0.698) and diabetes mellitus (p=0.258) did not
differ significantly between the groups. Hypertension was
significantly (p=0.018) more common in the sepsis group
than in the non-sepsis group. There was no significant
difference in stone laterality between the groups. The WBC,
lymphocyte, and neutrophil counts, serum albumin level,
PLR, NLR, and CRP level differed significantly between the
sepsis and non-sepsis groups. The WBC count, neutrophil
count, PLR, NLR, and CRP level were significantly higher
in the sepsis group (p=0.011, p=0.001, p=0.042, p＜0.001,
and p=0.006, respectively), while the lymphocyte count,
platelet count, and serum albumin level were significantly
lower in the sepsis group (p＜0.001, p=0.008, and p＜0.001,
respectively) (Table 1).
A multivariate logistic regression analysis showed that
old age (odds ratio [OR], 2.13; p=0.023), decreased serum
albumin level (OR, 4.27; p=0.041), and high NLR (OR, 3.83;
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p=0.037) predicted septic shock in patients with obstructive
APN associated with urinary tract calculi (Table 2).

DISCUSSION
Urosepsis accounts for 20-30% of all septic patients;
frequent causes of urosepsis are obstructive diseases of
the urinary tract, including urinary stones, stenosis, and
tumors [5]. The severity of urosepsis depends on the host
response and local factors. The host response is affected
by age, hypertension, diabetic mellitus, and performance
status or immunosuppression, such as with acquired
immunodeficiency syndrome, transplant recipients, and
long-term steroid use. Local factors include urinary calculi,
congenital abnormalities of the ureter, neurogenic bladder,
and iatrogenic factors such as endoscopic surgery.

Table 1. A comparison of the clinical characteristics of patients with and
without sepsis
Characteristic

Sepsis
Yes

No

p-value

36 (49.3)
37 (50.7)
Patients
＜0.001
49±13
64±13
Age (y)
0.515
Gender
6 (16.2)
8 (22.2)
Male
31 (83.8)
28 (77.8)
Female
0.549
Laterality
18 (48.6)
15 (41.7)
Right
19 (51.4)
21 (58.3)
Left
0.018
Hypertension
16 (43.2)
26 (72.2)
Negative
21 (56.8)
10 (27.8)
Positive
0.258
Diabetes mellitus
28 (75.7)
31 (86.1)
Negative
9 (24.3)
5 (13.9)
Positive
0.698
Performance status
17 (45.9)
30 (83.3)
0-1
20 (54.1)
6 (16.7)
2-4
3
0.011
14.5±5.0
White blood cell count (×10 /l) 11.8±3.9
3
＜0.001
0.9±0.5
1.6±0.8
Lymphocyte count (×10 /l)
3
0.001
12.9±4.7
9.3±4.3
Neutrophil count (×10 /l)
5
0.008
1.8±0.9
2.3±0.6
Platelet count (×10 /l)
173.8±71.3 244.2±191.3 0.042
Platelet to lymphocyte ratio
18.5±13.3 ＜0.001
8.0±6.5
Neutrophil to lymphocyte ratio
0.006
11.5±6.5
7.2±6.3
C-reactive protein (mg/dl)
＜0.001
3.4±0.6
3.9±0.4
Serum albumin (g/dl)
Values are presented as number (%) or mean±standard deviation.

Although urinary calculi are among the most common
urological diseases, they can be lethal if associated with
a urinary tract infection and obstructive uropathy resulting
in bacteremia and urosepsis [6].
This study suggests that in patients with obstructive APN,
old age predicts the development of urosepsis. Yamamoto
et al. [7] reported that old age and paralysis were risk factors
for urosepsis in patients receiving emergency drainage for
APN with upper urinary calculi. In another study, age, sex,
and performance predicted the development of urosepsis
in patients with obstructive APN.
In this study, we found that a decreased serum albumin
level predicted the development of urosepsis in patients
with obstructive APN. A systemic inflammatory response
can be assessed by the concentration of acute phase proteins
(e.g., CRP, ferritin, fibrinogen, albumin, and transferrin)
or blood leukocyte components, including neutrophils and
lymphocytes [8]. In patients with an infection, Bossink et
al. [9] found that a decreased serum albumin level predicted
urosepsis in a univariate analysis. The low albumin in
patients developing shock can be explained by consumption
of fibrinogen in the course of low-grade intravascular
coagulation or by impaired hepatic synthesis of circulating
proteins in the course of serious infections. Tambo et al. [10]
reported that a decreased platelet count and serum albumin
level were risk factors for urosepsis in patients with
obstructive APN. It is thought that, although this is partly
associated with the consumption of platelets by concurrent
disseminated intravascular coagulation, other factors also
contribute.
Recent studies combining traditional infection markers
and lymphocyte counts showed the additional value of
the latter in predicting bacterial sepsis. As the physiological
immune response of circulating leukocytes to various
stressful events is often characterized by an increase in
the neutrophil count and a decline in the lymphocyte count,
Zahorec [11] proposed using the ratio of the two as an
additional infection marker in clinical intensive care unit

Table 2. Multivariate logistic regression analysis of risk factors for sepsis
Variable
Old age (≤60 vs. >60 y)
Serum albumin (>3.5 vs. ≤3.5 g/dl)
Neutrophil to lymphocyte ratio (≤10:1 vs. >10:1)
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Occurrence of sepsis
Odds ratio

95% confidence interval

p-value

2.13
4.27
3.83

1.88-4.79
0.62-7.16
0.75-5.14

0.023
0.041
0.037
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practice. The NLR is an easily quantifiable parameter of
systemic inflammation and stress in clinically ill patients.
There is an association between the pretreatment NLR and
various cancers, including colorectal cancer, hepatocellular
carcinoma, ovarian cancer, non-small cell lung cancer, and
gastric cancer [12-15]. In this study, a high NLR was also
associated with urosepsis in patients with obstructive APN.
One limitation of our study is that it did not investigate
the impact of emergency drainage during sepsis. In addition,
the results of mid-stream urine and blood cultures were
not considered. Moreover, this study was limited by the
small number of enrolled patients. Future studies should
examine a larger prospective cohort and include a greater
number of risk factors.
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CONCLUSIONS
This study found that in patients with obstructive APN,
a decreased serum albumin level, high NLR, and old age
predicted the development of urosepsis. Patients with
obstructive APN associated with urinary tract calculi who
have these risk factors should be treated carefully.
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