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ABSTRACT

Acute kidney injury (AKI) associated with acute pyelonephritis (APN) rarely has been reported.
The aim of this study was to evaluate the incidence and risk factors of AKI associated with APN.
We retrospectively reviewed the medical records of 403 patients over 18-year old age hospital-
ized for APN management from October 2009 to September 2014 in tertiary care referral center.
Demographic data, clinical symptoms and signs, and laboratory findings were gathered from the
medical records and analyzed. The mean age of patients was 57 years and APN commonly
occurred in female (87.6%). AKI occurred in 253 patients (62.8%). As per the RIFLE classification,
renal injury was graded as ‘Risk’ (62.1%), ‘Injury’ (26.5%), and ‘Failure’ (11.4%). AKI patients were
more likely a male gender and had complicated APN. The AKI group had a significantly higher
tendency to present with shock. The prevalence of underlying chronic kidney disease (CKD) was
significantly higher in the AKI group. There was no difference in mortality between the AKI and
non-AKl groups. Multivariate analysis revealed that age over 65 (OR 1.93, 95% ClI 1.18-3.13,
p= .008), complicated (OR 2.13, 95% Cl 1.35-3.34, p= .001) and bilateral APN (OR 1.71, 95% CI
1.01-2.88, p= .045), and initial shock (OR 2.44, 95% Cl 1.05-5.71, p= .039) were independent risk
factors for the occurrence of AKI in patients with APN. Physicians should attempt to prevent,
detect, and manage AKI associated with APN in patients with above conditions.
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Introduction confirmation. Urine cultures are positive in 90% of
patients with APN, and cultures should be performed
prior to antibiotic therapy. Blood culture should be
reserved for patients with an uncertain diagnosis [3].
Complications include renal abscess, septic shock, and
renal impairment, including acute renal failure (ARF).

Acute kidney injury (AKI) is an important clinical

Acute pyelonephritis (APN) is the most common bacter-
ial infection involving the upper urinary tract system,
including the renal parenchyma and pelvis. APN
accounts for approximately 250,000 office visits and
200,000 hospital admissions each year in the United
States [1], and the estimated annual incidence per

100,000 people is 35.7 cases in South Korea [2]. Clinical
history and physical examination are the most useful
components of diagnosis. The clinical presentation of
APN includes lower urinary tract symptoms such as fre-
quency, urgency, and dysuria accompanied by fever,
upper gastrointestinal symptoms, headache, and flank
pain [3,4]. Flank pain is almost universal in patients with
APN, and its absence is suggestive of an alternative
diagnosis requiring additional diagnostic tools for

problem in patients with infectious diseases. According
to the applied criteria, the incidence of AKI ranges from
5 to 51% in patients with sepsis [5-9]. Additionally, AKI
is as an independent poor prognostic factor in sepsis.
Many studies have shown that several factors contrib-
ute to the occurrence and outcome of AKI in septic
patients [9-12]. The association between APN and ARF,
severe forms of AKI, are reported as only sporadic case
series [13-16] or only one category of the clinical
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Table 1. Clinical and laboratory data of the AKI group and non-AKI group.
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Characteristics Total (n=403) Non-AKI (n = 150) AKI (n=253) p Value
Age 57.26 £17.81 50.04£17.79 61.53+16.42 <.001

>65 years (%) 164 (40.7%) 61 (24.4%) 103 (75.6%) <.001

Sex .008
Male (%) 50 (12.4%) 10 (6.7%) 40 (15.8%)

Female (%) 353 (87.6%) 140 (93.3%) 213 (84.2%)

Symptoms

Febrile sensation (%) 356 (88.6%) 134 (89.3%) 222 (87.7%) 749
Nausea/vomiting (%) 86 (21.3%) 9 (19.3%) 7 (22.5%) .530
Flank pain (%) 117 (29.0%) 60 (40.0%) 57 (22.5%) <.001

Urinary symptoms (%) 177 (43.9%) 7 (44.7%) 110 (43.5%) 836
Complicated (%) 187 (46.4%) 9 (32.7%) 138 (54.5%) <.001

DM (%) 102 (25.3%) 2 (14.7%) 80 (31.6%) <.001

Anatomical abnormalities (%) 66 (16.4%) 5 (10.0%) 51 (20.2%) .008
Urinary stone (%) 33 (8.2%) 7 (4.7%) 26 (10.3%) .059
Pregnancy (%) 7 (1.7%) 4 (2.7%) 3 (1.2%) 432
Immunosuppressant use (%) 4 (1.0%) 1 (0.7%) 3 (1.2%) 1.000
Malignancy (%) 31 (7.7%) 8 (5.3%) 23 (9.1%) 245

Shock (%) 40 (9.9%) 8 (5.3%) 32 (12.6%) .024
Bilateral APN (%) 113 (28.0%) 29 (19.3%) 84 (33.2%) .003

Admission duration (day) 86+£55 6.2+22 10.1+6.3 <.001

CKD (%) 30 (7.4%) 4 (2.7%) 26 (10.3%) .005

Death (%) 4 (0.99%) 2 (1.3%) 2 (0.79%) .631

WBC (><103/;,1L) 13.15+6.67 11.55+4.14 1410+ 7.64 <.001

Hemoglobin (g/dL) 11.57 £1.55 11.97 £1.37 11.33£1.61 013

Platelet (x 103/mm3) 206.18 + 87.94 225.09+79.89 194.96 + 90.69 .000
ESR (mm/h) 54.82+27.75 52.16 +£24.00 56.45+29.75 138
CRP (mg/L) 143.30+91.78 115.24 £ 84.47 159.94 £ 92.04 <.001

Albumin (g/dL) 3.47+0.61 3.71£0.50 3.33+0.63 .000
Phosphorus (mg/dL) 2.82+0.94 2.82+0.83 2.82+1.00 .989
Na (mmol/L) 136.10 £ 3.90 136.82 +3.04 135.66 +4.27 .002
K (mmol/L) 3.86+0.53 3.79+£0.43 3.91+0.57 .023

BUN(mg/dL) 20.30+ 14.62 13.00 £ 6.53 24,63 +16.29 <.001

Cr (mg/dL) 1.18£1.06 0.74+0.28 143+£1.25 <.001

Bacteremia (%) 145 (36.0%) 40 (26.7%) 105 (41.5%) <.001

WBC: white blood cell; ESR: erythrocyte sedimentation ratio; CRP: C-reactive protein; BUN: blood urea nitrogen; Cr: creatinine; DM:

diabetes mellitus; CKD: chronic kidney disease.

characteristics of APN [17-19]. In 2004, the Acute
Dialysis Quality Initiative (ADQI) group developed a
consensus definition of AKI, with the introduction of
the Risk, Injury, Failure, Loss, and End-stage renal dis-
ease (RIFLE) classification, which has been validated in
terms of determining the incidence of AKI [20].
However, no study has applied this RIFLE classification
to evaluate the incidence, risk factors, or clinical out-
comes of AKI associated with APN. Therefore, in this
study, we explored the incidence, risk factors, and clin-
ical outcomes of AKI associated with APN by applying
the RIFLE classification, the first international interdis-
ciplinary consensus classification for the diagnosis
of AKI.

Materials and methods
The selection of the patients

We retrospectively reviewed the medical records of 403
hospitalized patients over 18 years of age who were
treated for APN at Gyeongsang National University
Hospital from October 2009 to October 2014. All
patients had documented medical histories and under-
went review. Demographic and clinical characteristics,

laboratory findings, and comorbidities were gathered
from the medical records and analyzed. To evaluate the
incidence, risk factors, and clinical outcomes of AKI in
patients with APN, we divided the patients into two
groups: non-AKl and AKI groups. We also divided the
patients into two groups, non-CKD and CKD groups, to
evaluate AKI occurrence and severity according to RIFLE
classification and clinical outcomes.

Definitions

Medical history and physical examination were the
most useful tools for the diagnosis of APN characterized
by pain when passing urine, chills, flank pain, nausea,
vomiting, fever (>38.5°C) and CVA tenderness. A posi-
tive urinalysis such as pyuria on urine microscopy (WBC
> 5/HPF) and positive nitrite test and/or positive urine
culture (>100,000 CFU/mL) of a mid-stream specimen
confirms the diagnosis in patients with a compatible
history and physical examination. Abdominal computed
tomography (CT) was also helpful in diagnosing compli-
cated APN such as obstructed kidney, high risk patients
including diabetics, elderly, and immunocomprom-
ised persons.
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Table 2. Independent risk factors for the development of AKI.

Univariate analysis Multivariate analysis

Characteristics p Value OR 95% Cl p Value OR 95% Cl
Age > 65 years <.001 2.643 1.706-4.096 .008 1.925 1.184-3.130

Sex (female) .008 0.380 0.184-0.785  .109 0.527 0.240-1.154
Flank pain <.001 0.436 0.281-0.677  .072 0.640 0.394-1.040
Complicated <.001 2473 1.623-3.770  .001 2.127 1.353-3.341
Shock 021 2570 1.151-5.737  .039  2.443 1.045-5.709
Bilateral APN .003 2.074 1.280-3.359  .045 1.707 1.013-2.876
CKD .009 4.181 1.430-12.225 .120 2.438 0.794-7.493
Bacteremia .003 1.951 1.257-3.029  .068 1.579 0.968-2.577

OR: odds ratio; Cl: confidence interval; CKD: chronic kidney disease.

Complicated APN was defined when the patient had
at least one risk factor among diabetes mellitus (DM),
pregnancy, urologic anatomical abnormalities, urinary
tract stones, malignancy, or an immunocompromised
state. Patients with none of the medical problems
described above were defined as uncomplicated APN.
Shock was defined as a systolic blood pressure
<90 mmHg. Bacteremia was defined as in the case of
positive blood culture. Bilateral APN was defined as fol-
lows; flank pain and/or CVA tenderness existed in both
sides, typical CT findings were found on both kidney,
and APN occurred in single kidney.

Chronic kidney disease (CKD) was defined as an esti-
mated glomerular filtration rate (eGFR)<60 mL/min/
1.73 m? using the Modification of Diet in Renal Disease
study (MDRD) formula [1.86x(plasma creatinine) -
1.154x (age) — 0.203)]x(0.74 if female)x(1.210 if black).
The most recent past plasma creatinine level before
hospitalization was used as baseline value if the previ-
ous renal function was known.

The method of creatinine formation was Jaffe one.
RIFLE classification has usually been used to evaluate
AKI incidence in our institution because RIFLE classifica-
tion can easily be applied when the baseline serum cre-
atinine is known and has been largely validated in
terms of determining the incidence of AKI. AKI was
defined and categorized according to the RIFLE classifi-
cation [20]. We only used the serum creatinine level
and eGFR to establish the RIFLE category because the
urine output of APN patients was not routinely
recorded. If the baseline creatinine values were
unknown, the serum creatinine was estimated using
the MDRD formula and assuming eGFR = 75 mL/min/
1.73 m? as the normal value. To evaluate the incidence,
risk factors, and clinical outcomes of AKIl associated
with APN, we divided the patients into AKI and non-AKI
groups. We also compared above categories with divid-
ing patients into CKD and non-CKD groups. We eval-
uated the severity of AKI categorized using RIFLE in
CKD versus non-CKD groups.

The study protocol was approved by the Institutional
Review Board at Gyeongsang National University
Hospital (IRB No.: 2016-01-014).

Statistical analysis

All measurements were expressed as the mean + stan-
dard deviation (SD). We present the data as absolute
numbers and percentage with 95% confidence interval
(Cl). We used Pearson’s chi-square test to analyze quali-
tative differences. The parametric Student's t-test was
used to compare means of samples of similar variance.
A multivariate logistic regression analysis was used to
identify significant risk factors for the occurrence of AKI
among those identified in univariate analysis. Statistical
analysis was performed using a commercially available
statistical software package (V.21.0; SPSS, Chicago, IL). A
p value of less than .05 was considered statistically sig-
nificant in all analyses.

Results

The incidence of AKI and risk factors in patients
with APN

Table 1 lists demographic and clinical data, comorbid-
ities, and laboratory findings for all patients. The inci-
dence of AKI with APN was 62.8% (253/403). As per
RIFLE classification, patients with AKI were categorized
as 'Risk’ (157 patients; 62.1%), ‘Injury’ (67 patients;
26.5%), and ‘Failure’ (29 patients; 11.5%). The mean age
of the AKI group was significantly higher than that of
the non-AKI group and the rate of patients who were
older than 65 years was also significantly higher in the
AKI group. Patients with AKI were more likely to have a
male gender (p= .008) and complicated APN (p= .000).
There were no significant differences in symptoms of
febrile sensation, nausea, vomiting, and urinary symp-
toms. However, flank pain was less common in the AKI
group (p= .000). The AKI group had a significantly
higher tendency to present with shock (p= .024), and
the duration of admission was significantly longer in
the AKI group (p= .000). The prevalence of underlying
CKD was also significantly higher in the AKI group
(b= .005). Higher WBC and CRP levels and lower hemo-
globin, platelet, and albumin were common in AKI
patients (p< .001, p< .001, p= .013, p< .001, and
p< .001, respectively). Bacteremia was more common
in the AKI group (p=.003) compared with the non-AKI
group. Multivariate analysis revealed that age over 65
(OR 1.93, 95% CI 1.18-3.13, p= .008), complicated (OR
2.13, 95% ClI 1.35-3.34, p= .001) and bilateral APN
(OR 1.71, 95% Cl 1.01-2.88, p= .045), and initial shock
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Table 3. Clinical and laboratory data in patient with non-CKD and CKD.

Characteristics Total (n =403) Non-CKD (n=373) CKD (n=30) p Value
Age 57.26 £17.81 56.39+£18.05 68.03£9.10 <.001
>65 years (%) 164 (40.7%) 144 (38.6%) 20 (66.7%) .003
Sex .079
Male (%) 50 (12.4%) 43 (11.5%) 7 (23.3%)

Female (%) 353 (87.6%) 330 (88.5%) 23 (76.7%)

Symptoms

Febrile sensation (%) 356 (88.6%) 331 (88.7%) 25 (83.3%) 374
Nausea/vomiting (%) 86 (21.3%) 80 (21.4%) 6 (20.0%) 1.000
Flank pain (%) 117 (29.0%) 114 (30.6%) 3 (10.0%) .020
Urinary symptoms (%) 177 (43.9%) 169 (45.3%) 8 (26.7%) .056
Complicated (%) 187 (46.4%) 167 (44.8%) 20 (66.7%) .023
DM (%) 102 (25.3%) 82 (22.0%) 20 (66.7%) <.001
Anatomical abnormalities (%) 66 (16.4%) 59 (15.8%) 7 (23.3%) 304
Urinary stone (%) 33 (8.2%) 31 (8.3%) 2 (6.7%) 1.000
Pregnancy (%) 7 (1.7%) 7 (1.9%) 0 (0.0%) 1.000
Immunosuppressant use (%) 4 (1.0%) 4 (1.1%) 0 (0.0%) 1.000
Malignancy (%) 31 (7.7%) 26 (7.0%) 5 (16.7%) .069
Shock (%) 40 (9.9%) 35 (9.4%) 5 (16.7%) .203
Bilateral APN (%) 113 (28.0%) 102 (27.3%) 11 (36.7%) 293
Admission duration (days) 8.6+5.5 83+49 13.1+£9.3 <.001
AKI (%) 253 (62.8%) 227 (60.9%) 26 (86.7%) .005
Death (%) 4 (0.99%) 2 (0.54%) 2 (6.7%) .029
WBC (x1 03/;,1L) 13.15+6.67 13.08 £6.38 1410+ 9.65 574
Hemoglobin (g/dL) 11.57+£1.55 11.70 £ 1.45 9.84+1.80 <.001
Platelet (x 103/mm3) 206.18 £87.94 208.43 +87.08 178.20+£95.10 .070
ESR (mm/h) 54.82+27.75 53.75+27.22 67.21+31.21 .014
CRP (mg/L) 143.30+£91.78 141.13+£90.21 170.28 £ 107.50 .094
Albumin (g/dL) 3.47+0.61 3.52+0.59 2.93+0.58 <.001
Phosphorus (mg/dL) 2.82+£0.94 2.75+0.84 3.60+1.55 .006
Na (mmol/L) 136.10+£3.90 136.21+3.73 134.72+5.46 155
K (mmol/L) 3.86+£0.53 3.82+0.49 4.38+0.70 <.001
BUN(mg/dL) 20.30 + 14.62 18.08£10.71 47.91+25.31 <.001
Cr (mg/dL) 1.18+£1.06 0.99 £0.49 3.55+2.49 <.001
Bacteremia (%) 145 (36.0%) 133 (35.7%) 12 (40.0%) 694

WBC: white blood cell; ESR: erythrocyte sedimentation ratio; CRP: C-reactive protein; BUN: blood urea nitrogen; Cr: creatinine; DM:

diabetes mellitus; CKD: chronic kidney disease.
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Figure 1. Percentage of AKI occurrence and death according
to presence of CKD.

(OR 2.44, 95% Cl 1.05-5.71, p= .039) were independent
risk factors for the occurrence of AKI in patients with
APN (Table 2).

AKl incidence and severity between non-CKD and
CKD groups

Table 3 lists demographic and clinical data, comorbid-
ities, and laboratory findings in non-CKD and CKD
patients. The mean age of the CKD group was signifi-
cantly higher than that of the non-CKD group, and the

rate of patients who were older than 65 years was also
significantly higher in the CKD group. Complicated APN
was significantly higher in the CKD group (p= .023).
Flank pain was less common in the CKD group (p=.02).
The duration of admission was significantly longer in
the CKD group (p< .001). Lower hemoglobin and albu-
min were observed in patients with CKD (p< .001 and
p< .001, respectively). The incidence and severity of AKI
based on the RIFLE classification were significantly
higher in CKD patients compared with non-CKD
patients (Figures 1 and 2).

Clinical outcomes of AKI

Most patients recovered from APN and AKI with general
care, such as fluid replacement and adequate antibiotic
therapy, excluding four patients who died (0.99%). No
patients started renal replacement therapy and there
was no case of progression to CKD in non-CKD groups.
Hospital stay was prolonged in AKI patients (p=.003).
However, there were no significant differences in mor-
tality between non-AKI and AKI groups (Table 1). Two
cases of death occurred in the CKD group, and one
case was accompanied with AKIL Mortality was
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Figure 2. The comparison of AKI according to the RIFLE category in patients with CKD and non-CKD.

significantly higher in the CKD group compared with
the non-CKD group (p=.029) (Table 3, Figure 2). There
was no case of end-stage renal disease requiring main-
tenance hemodialysis at the 3-month follow-up in the
CKD group. The major cause of death was uncon-
trolled infection.

Discussion

In our study, the incidence of AKI in patients with APN
was 61.2%. According to the RIFLE classification, AKI
was associated with renal ‘Risk’ (62.1%), ‘Injury’ (26.5%),
and ‘Failure (11.5%). Independent risk factors of AKI
associated with APN in the multivariate analysis were
older age, initial shock, bilateral involvement of the kid-
ney, and complicated cases, whereas sex, CKD, the pres-
ence of flank pain, and bacteremia were not associated
with AKI, although these variables were significant in
the univariate analysis. In patients with underlying CKD,
AKI was more common and had a poorer prognosis in
terms of severity and survival.

Few studies have reported AKI associated with APN
according to the RIFLE classification [18,19], and these
studies did not explore incidence, risk factors, and clin-
ical outcomes of AKI. One study used clinical presenta-
tion and one study used outcome as only one category
in the clinical characteristics of ipsilateral and bilateral
APN: they reported incidences of 32.2% and 21%,
respectively. A recent study explored risk factors for the
development of AKI in patients with urinary tract infec-
tions (UTls) [21] it reported a 12.3% incidence of AKI
and concluded that risk factors associated with AKI
included old age, DM, upper UTI, and underlying CKD.
Its lower reported AKI incidence may have resulted
from the enrollment of lower UTI patients (67%) and
application of different AKI criteria. AKI was diagnosed
by a decrease in GFR more than 50% or doubling of
serum creatinine compared to that at baseline accord-
ing to the RIFLE GFR criteria in that study [21]. Our
study may be superior because we enrolled many

patients with APN (291 versus 403). Thus, the higher
incidence of AKI in our study may be associated with
the characteristic of the disease itself that directly
invades the kidney, more inclusion of complicated APN
patients (46.4%), and more severe patients hospitalized
to our institution with distinct characteristics of univer-
sity hospital.

AKl is a common complication of sepsis and septic
shock. UTl is a common cause of sepsis, may decrease
renal function. Sepsis is known to be an important risk
factor of AKIl in several infectious diseases [7,10,22].
Previous studies have shown that hypovolaemia, hypo-
tension, shock, the use of nephrotoxic drugs, and urin-
ary tract obstruction are important AKI risk factors in
UTI patients [15,23]. A recent study also found that
older age, diabetes, upper UTI, and CKD were inde-
pendent associated risk factors for developing AKI in
patients with UTI [21]. In our study, complicated APN
including DM, urinary tract obstruction, and initial
shock were strongly associated with AKI in patients
with APN. One report also showed that severe inflam-
mation was correlated with the occurrence of AKI in
patients with APN [17]. Severe leukocytosis and higher
CRP, as well as lower albumin levels, were common in
AKI patients compared with non-AKI patients.

CKD is considered an important risk factor for the
development of AKI in several infectious diseases
[21,24,25]. The frequency and severity of AKI according
to the RIFLE classification were significantly greater in
patients with CKD compared to patients without CKD.
CKD was also associated with increased mortality in
patients with AKI [24,25]. We also found that more fre-
quent and severe AKI, and higher mortality, were com-
mon in patients with CKD and AKI in spite of few
enrollments of CKD patients. Another concern of AKI
prognosis without underlying CKD is progression to
CKD and aggravation of CKD after AKI. According to
some studies, rates to new onset of CKD after AKI range
from 7 to 20% over a follow-up of 1-3 years [26-28].



However, we did not observe CKD progression after AKI
in our study. These characteristics of CKD patients
should not be generalized because of small enrollment.
This was one of another limitation of our study.

Flank pain is almost universal in patients with APN;
its absence may support an alternative diagnosis and
require another diagnostic tool, leading to late diagno-
sis and treatment and a poor prognosis. Older patients
may not present with this symptom for several reasons
including hypoesthesia, mental deterioration, and poor
communication with medical staff. Older age and the
absence of flank pain were risk factors of AKI in our
study, although the latter was not significant in multi-
variate analysis. The absence of flank pain may be asso-
ciated with late diagnosis and treatment, leading to an
unfavorable prognosis.

Previous studies have reported that patients with
even mild AKI experience significantly higher mortality
than those without AKI [29], and the role of AKI as an
independent risk factor for mortality is well known
[30-32]. According to one report, total mortality was
1.7% in patients with bilateral APN [19]. According to
another report, overall mortality rate was 0.38% in 790
UTI patients [21]. However, these two studies did not
describe the relationship between mortality and AKI. In
our study, there was no significant difference in mortal-
ity between non-AKI and AKI groups (1.3% versus
0.79%) despite high incidence of AKI. It is possible that
the total mortality in our study was so low (0.99%) that
it did not affect the statistics between the two groups.
Another lower mortality in AKI group might result from
rapid recovering with general care, such as fluid
replacement and adequate antibiotic therapy.

This study had some limitations. First, it had a retro-
spective design. As the research relied on medical
records, it had a limited capacity to identify other pos-
sible causes of AKI such as nephrotoxic drugs and
agents, which may have been used before admission to
our hospital. Second, we used RIFLE classification for
the diagnosis of AKI, but we only applied serum creatin-
ine level and eGFR derived from the MDRD equation
and could not classify patients based on urine output
because the urine output of APN patients is not rou-
tinely recorded. Therefore, the incidence and severity of
AKI may have been underestimated. Third, the research
was conducted at a single center, so the results should
not be generalized to the entire community. A well-
designed and randomized prospective study is required
to confirm our results. However, we believe that these
limitations may be overcome by our large participant
pool. Laboratory values were relatively well-recorded
because patients were hospitalized, and identical
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laboratory conditions were applied to all patients. The
same treatments were also performed on all patients.

Conclusions

The incidence of AKI associated with APN was relatively
higher (61.2%) in our study than in previous reports
although most patients recovered from APN and AKI
with general care, such as fluid replacement and
adequate antibiotic therapy, excluding four patients
who died (0.99%). No patients started renal replace-
ment therapy and there was no case of progression to
CKD in non-CKD groups. Our results also suggest that
older age, complicated and bilateral APN, and initial
shock are important risk factors associated with the
occurrence of AKI. Severe inflammation represented by
serum markers is also associated with AKI.

Ethical approval

The study protocol was approved by the Institutional
Review Board of Gyeongsang National University
Hospital (IRB No.: 2016-01-014).
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