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Abstract
Background: Positive risk factors for bacteremia among patients with pyelonephritis have not been
de�ned using a Chi-Squared Automatic Interaction Detector (CHAID) Decision Tree Analysis Model.

Purpose: We sought to identify predictive factors for bacteremia among patients with pyelonephritis and
therefore which patients need hospitalization.

Methods: This retrospective cross-sectional survey was performed at the Juntendo University Nerima
Hospital, Tokyo, Japan and comprised all patients with pyelonephritis from whom blood cultures were
taken from January 1, 2010 to July 31, 2020. At the time of blood culture sample collection, clinical
information was obtained from medical charts, along with vital signs, quick Sequential Organ Failure
Assessment (qSOFA), subjective symptoms, objective physical �ndings, laboratory �ndings, and results
of blood and urine cultures. Factors potentially predictive of bacteremia among patients with
pyelonephritis were analyzed using the Student’s t-test or chi-squared test and the CHAID decision tree
analysis model.

Results: A total of 198 patients (male:female, 60 (30.3%):138 (69.7%), ages (mean±SD) 74.69±15.27
years) were included in this study, of whom 92 (46.4%) had positive blood culture results. The CHAID
decision tree analysis revealed that patients with White blood cell >21,000/μL had a quite-high-risk
(89.5%) of developing bacteremia. Patients with White blood cell ≤21,000/μL plus Chill plus Aspartate
aminotransferase >19 IU/L represented a high-risk group (69.0%). Conversely, patients with White blood
cell ≤21,000/μL plus non-Chill plus Albumin >3.60 g/dL were at a low risk (16.3%) of developing
bacteremia.

Conclusion: Our results emphasize the importance of hospitalization among high-risk and quite-high-risk
groups of pyelonephritis patients. 

Introduction
Pyelonephritis is a common disease encountered by many physicians. For example, in the United States,
there are approximately 250,000 cases of acute pyelonephritis each year, resulting in more than 100,000
hospitalizations [1]. The management guidelines for urinary tract infections (UTIs) in the United States
and Japan recommend that patients with mild pyelonephritis be treated in an outpatient clinic [2, 3], while
patients with severe disease should be considered for hospitalization and initial administration of
intravenous antibiotics [4]. As for patients with pyelonephritis accompanied by bacteremia,
hospitalization is preferable, given that severe pyelonephritis accompanied by bacteremia has a mortality
rate of 10–20% [5, 6]. However, in practice, the results of blood cultures typically are not available on the
same day that a patient is diagnosed with pyelonephritis; because results are expected on a later day,
patients with pyelonephritis may be hospitalized, as a precautionary measure, before blood culture results
are obtained. It would be useful to be able to predict the positive results of blood cultures on the same
day as patients are diagnosed with pyelonephritis. Based on our preliminary research, blood culture-
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positive causative diseases often are diagnosed as pyelonephritis for patients being seen in departments
of general medicine [7]. Furthermore, other preliminary research has indicated that older age, positive
urinary nitrite test results, and chills tend to be seen in patients who have pyelonephritis accompanied by
bacteremia [8]. However, the quick Sequential Organ Failure Assessment (qSOFA), which now is used
widely, was not incorporated as part of these preliminary researches [9]. Furthermore, a score
classi�cation system for recommendation of hospitalization does not exist for pyelonephritis, in contrast
to our experience with other diseases (e.g., CURB-65 for patients with pneumonia) [10–12]. As described
above, the patients with bacteremia, among those with pyelonephritis, typically require hospitalization;
there would be a great advantage to a classi�cation system for identifying the need to hospitalize
patients with pyelonephritis who are at increased risk of developing bacteremia.

To identify predictive factors for bacteremia among patients diagnosed with pyelonephritis, we compared
clinical parameters between patients positive and negative for bacteremia among cases diagnosed with
pyelonephritis, with the goal of establishing which patients with pyelonephritis should be hospitalized.

Methods

Study Design and Study Population
We recruited patients who were diagnosed with pyelonephritis from January 1, 2010 to July 31, 2020.
This retrospective, cross-sectional study was performed at Juntendo University Nerima Hospital, a 400-
bed university-a�liated hospital in Tokyo, Japan. We excluded patients from whom blood cultures had
not been taken and patients who had already (as part the same admission) received an antimicrobial
agent prior to blood culture submission (given possible effects on blood culture results). We also
excluded patients with obstructive pyelonephritis due to a calculus or tumor and those who had
undergone urgent stenting, because these individuals were hospitalized regardless of the results of blood
cultures. Bacteremia in patients with pyelonephritis was de�ned as the detection of identical causative
bacteria from both blood and urine cultures. Furthermore, more than 3 doctors were involved in each
diagnosis. Clinical information extracted by chart review included (but was not limited to) the following:
vital signs including qSOFA, subjective symptoms, objective physical �ndings, laboratory �ndings, and
results of blood and urine cultures.

Statistical analysis
Patients’ characteristics were compared between those with bacteremia and those without bacteremia

by using t-test for continuous data or by the chi-squared test for categorical data. Then, we applied Chi-
Squared Automatic Interaction Detector (CHAID) decision tree analysis to identify risk factors for
bacteremia. The CHAID decision tree analysis is a data-mining technique [13, 14] with a salient
advantage of advanced graphic presentation for interpretation [15]. The CHAID enabled the consideration
of whole variables, the effective partitioning of continuous data, and construction of decision trees by use
of a forward-stopping or -pruning rule [16]. Moreover, CHAID is the only model that permits the
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formulation of multiple nodes [15]. Unlike other techniques, CHAID permits the signi�cance level to be
adjusted for the number of comparisons. The CHAID has been applied previously in the medical �eld [17,
18] and has been shown to be superior to logistic analysis [19]. In addition, prediction rules with the
CHAID model are visibly intuitive and easy to interpret in clinical settings. Mother and daughter nodes
were set as 25 and 15, respectively. In order to compare two prediction, qSOFA and CHAID, the goodness-
of-�t of the model was examined by the receiver operating characteristic (ROC) curve and its area under
the curve (AUC). All statistical analyses were performed using SPSS software, version 22 (IBM, Tokyo,
Japan).

This study was approved by the Ethics Committee of Juntendo University Nerima Hospital (Approval
Number 2020054).

Results
A total of 261 patients were diagnosed with pyelonephritis during the study period. Within this population,
27 (10.3%) patients were excluded because of their urgent stenting for obstructive pyelonephritis, and 36
(13.8%) patients were excluded due to the precedent administration of an antimicrobial agent before
blood culturing. As shown in Table 1, a total of 198 patients (male:female, 60 (30.3%):138 (69.7%); mean 
± SD age, 74.69 ± 15.27 years) were included in this study and 92 patients (46.4%) had bacteremia.
Table 1 also shows patient characteristics in the two groups (with and without bacteremia) and the
results of bivariable analysis. Chill, Neutrophils, Band-form neutrophils, Lymphocytes, Blood urea
nitrogen, total protein, Albumin, Lactate dehydrogenase, C-reactive protein, and Hemoglobin A1c were all
related to bacteremia.



Page 5/17

Table 1
Patient characteristics

Variables Total Bacteremia Non-
bacteremia

Name
of test

p
value

  n = 198 n = 92 n = 106  

Demographic factors          

Age, year, mean ± SD 74.69 ± 
15.27

76.91 ± 
11.74

72.77 ± 
17.61

t-test 0.06

Female sex, n (%) 138 (69.6%) 65 (70.7%) 73 (68.9%) χ2 0.87

Underlying condition          

Body Mass Index, kg/m2, mean 
± SD

21.85 ± 4.45 21.98 ± 4.65 21.71 ± 4.27 t-test 0.69

Cancer bearing, n (%) 42 (21.2%) 22 (23.9%) 20 (18.9%) χ2 0.39

Hemodyscrasia n (%) 11 (5.6%) 4 (4.3%) 7 (6.6%) χ2 0.54

Diabetes mellitus n (%) 51 (25.8%) 28 (30.4%) 23 (21.7%) χ2 0.19

Indwelling urinary catheter, n
(%)

15 (7.6%) 7 (7.6%) 8 (7.5%) χ2 1.00

Neurogenic bladder, n (%) 10 (5.0%) 7 (7.6%) 3 (2.8%) χ2 0.19

Use of immunosuppressive
agents, n (%)

16 (8.0%) 9 (9.8%) 7 (6.6%) χ2 0.44

History of pyelonephritis, n (%) 30 (15.1%) 12 (13.0%) 18 (17.0%) χ2 0.55

Symptoms          

Macrohematuria, n (%) 8 (4.0%) 2 (2.2%) 6 (5.7%) χ2 0.23

Pain on urination, n (%) 18 (9.1%) 6 (6.5%) 12 (11.3%) χ2 0.32

Back pain, n (%) 34 (17.1%) 14 (15.2%) 20 (18.9%) χ2 0.57

Chill, n (%) 80 (40.4%) 47 (51.1%) 33 (31.1%) χ2 < 
0.01*

Vomiting, n (%) 29 (14.6%) 16 (17.4%) 13 (12.3%) χ2 0.32

Nausea, n (%) 64 (32.3%) 32 (34.8%) 32 (30.2%) χ2 0.54

Diarrhea, n (%) 9 (4.5%) 7 (7.6%) 2 (1.9%) χ2 0.08
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Variables Total Bacteremia Non-
bacteremia

Name
of test

p
value

  n = 198 n = 92 n = 106  

Clinical sign          

CVA tenderness, n (%) 69(34.8%) 31(33.7%) 38 (35.8%) χ2 0.65

Vital signs          

Disturbance of consciousness,
n (%)

64 (32.3%) 31 (33.7%) 33 (31.1%) χ2 0.76

Temperature, ℃, mean ± SD 38.21 ± 1.19 38.36 ± 1.32 38.08 ± 1.94 t-test 0.09

Systolic blood pressure, mmHg,
mean ± SD

133.10 ± 
26.08

134.46 ± 
28.05

131.90 ± 
24.26

t-test 0.49

Diastolic blood pressure,
mmHg, mean ± SD

73.67 ± 
16.39

72.84 ± 
16.59

74.40 ± 
16.24

t-test 0.51

Heart rate, bpm, mean ± SD 95.87 ± 
18.34

97.97 ± 
18.19

93.96 ± 
18.35

t-test 0.13

Respiratory rate, min− 1, n,
mean ± SD

19.33 ± 4.09 19.33 ± 4.24 19.32 ± 3.97 t-test 0.99

Saturation, %, mean ± SD 96.06 ± 2.89 95.95 ± 3.01 96.15 ± 2.79 t-test 0.65

Laboratory data          

White blood cell counts, /µL,
mean ± SD

12628.28 ± 
5926.21

13468.48 ± 
6935.38

11899.06 ± 
4801.06

t-test 0.06

Neutrophils, %, mean ± SD 86.66 ± 8.28 90.01 ± 5.78 83.78 ± 9.02 t-test < 
0.001*

Band-form neutrophils, %,
mean ± SD

8.99 ± 10.62 11.43 ± 
10.91

6.23 ± 9.73 t-test 0.04*

Segmented neutrophils, %,
mean ± SD

79.10 ± 
13.10

80.31 ± 
13.11

77.73 ± 
13.16

t-test 0.43

Lymphocytes, %, mean ± SD 7.97 ± 6.39 5.73 ± 4.34 9.86 ± 7.22 t-test < 
0.001*

Hemoglobin, g/dL, mean ± SD 12.17 ± 1.86 12.09 ± 1.92 12.24 ± 1.82 t-test 0.58

Platelets, 104/µL, mean ± SD 18.44 ± 7.52 18.20 ± 8.44 18.64 ± 6.66 t-test 0.69

Blood urea nitrogen, mg/dL,
mean ± SD

25.29 ± 
19.66

29.80 ± 
24.31

21.36 ± 
13.40

t-test < 
0.01*

Creatinine, mg/dL, mean ± SD 1.37 ± 1.35 1.47 ± 1.32 1.28 ± 1.39 t-test 0.30
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Variables Total Bacteremia Non-
bacteremia

Name
of test

p
value

  n = 198 n = 92 n = 106  

Total protein, g/dL, mean ± SD 6.79 ± 0.71 6.63 ± 0.79 6.93 ± 0.59 t-test < 
0.01*

Albumin, g/dL, mean ± SD 3.56 ± 0.53 3.45 ± 0.56 3.67 ± 0.49 t-test < 
0.01*

Total bilirubin, g/dL, mean ± SD 0.83 ± 0.47 0.88 ± 0.45 0.78 ± 0.49 t-test 0.15

Lactate dehydrogenase, IU/L,
mean ± SD

236.39 ± 
88.61

256.67 ± 
104.41

217.80 ± 
66.43

t-test < 
0.01*

Aspartate aminotransferase,
IU/L, mean ± SD

36.87 ± 
52.74

43.48 ± 
62.64

31.13 ± 
41.79

t-test 0.10

Alanine aminotransferase, IU/L,
mean ± SD

27.78 ± 
45.28

28.59 ± 
27.63

26.14 ± 
56.40

t-test 0.70

Sodium, mEq/L, mean ± SD 136.60 ± 
4.59

136.62 ± 
4.68

136.58 ± 
4.55

t-test 0.96

Potassium, mEq/L, mean ± SD 3.92 ± 0.55 3.89 ± 0.54 3.96 ± 0.55 t-test 0.37

Chloride, mEq/L, mean ± SD 101.58 ± 
4.87

102.03 ± 
5.07

101.19 ± 
4.68

t-test 0.23

C-reactive protein, mg/dL,
mean ± SD

11.17 ± 9.61 12.63 ± 9.86 9.91 ± 9.25 t-test 0.04*

Procalcitonin, ng/mL, mean ± 
SD

15.08 ± 
64.32

29.73 ± 
94.74

3.36 ± 9.02 t-test 0.08

Glucose, mg/dL, mean ± SD 150.94 ± 
65.69

155.56 ± 
72.70

146.67 ± 
58.60

t-test 0.38

Hemoglobin A1c, %, mean ± SD 6.27 ± 1.26 6.54 ± 1.56 5.96 ± 0.68 t-test 0.03*

Urinary nitrite test (+), n (%) 99 (50.0%) 50 (54.3%) 49 (46.2%) χ2 0.25

*p 0.05

CVA tenderness = costovertebral
angle tenderness

bpm = beats per minute

       

The algorism for the prediction of bacteremia driven from CHAID is shown in Fig. 1. Based on the
observed results, the patients can be categorized into 3 risk groups, low (30%), medium (30–60%), and
high (60%). White blood cell (≤ 21,000/µL, > 21,000/µL), Chill, AST (≤ 19 IU/L, > 19 IU/L), and Albumin (≤ 
3.60 g/dL, > 3.60 g/dL) were included in the decision tree, and �ve terminal nodes were employed.
According to the incidences, we divided these nodes into the following categories: low-risk, 16.3%
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incidence of blood culture-positive pyelonephritis); moderate-risk 1, 34.5%; moderate-risk 2, 44.6%; high-
risk, 69.0%; and quite-high-risk, 89.5%. We evaluated the quality of this model using the ROC curve, which
yielded an AUC of 0.750 and a 95% Con�dence Interval (CI) of 0.682–0.817 (Fig. 2).

The results of the chi-squared test of the qSOFA score are shown in Table 2. Patients with pyelonephritis
with a qSOFA score of 2 had a signi�cantly higher percentage of bacteremia (p = 0.04). We evaluated the
quality of qSOFA using the ROC curve, which yielded an AUC of 0.537 and a 95%CI of 0.456–0.617
(Fig. 3). Comparison between the AUCs in Figs. 2 and 3 indicated that the model obtained by CHAID
decision tree analysis in the present study showed greater power than that obtained by qSOFA.

Table 2
Results of the chi-squared test of the qSOFA score

Blood cultures qSOFA:score Total

0 1 2 3

Total, n (%) 78 (44.6%) 67 (38.3%) 27 (15.4%) 3 (1.7%) 175

Negative, n (%) 41 (44.6%) 41 (44.6%) 9 (9.8%) 1 (1.1%) 92

Positive, n (%) 37 (44.6%) 26 (31.8%) 18 (21.7%) 2 (2.4%) 83

p value (test: χ2) 1.00 0.10 0.04* 0.93  

*p 0.05          

qSOFA = quick Sequential Organ Failure Assessment

Table 3 shows the results of blood and urine cultures. E. coli was the most frequent causative
microorganism.
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Table 3
Results of blood and urine cultures

  Blood culture results Urine culture results

  (n = 198) (n = 198)

Escherichia coli, n (%) 64 (32%) 107 (53.5%)

Escherichia coli (ESBL), n (%) 10 (5%) 18 (9%)

Klebsiella pneumoniae, n (%) 9 (4.5%) 17 (8.5%)

Klebsiella oxytoca, n (%) 1 (0.5%) 2 (1%)

Klebsiella oxytoca (ESBL), n (%) 1 (0.5%) 1 (0.5%)

Klebsiella rhinoscleromatis, n (%)   1 (0.5%)

Proteus mirabilis, n (%) 2 (1%) 4 (2%)

Proteus vulgaris, n (%) 1 (0.5%) 1 (0.5%)

Enterococcus faecalis, n (%) 2 (1%) 7 (3.5%)

Enterococcus faecium, n (%)   1 (0.5%)

Pseudomonas aeruginosa, n (%) 1 (0.5%) 1 (0.5%)

Serratia marcescens, n (%) 1 (0.5%) 1 (0.5%)

Citrobacter koseri, n (%)   2 (1%)

Citrobacter freundii, n (%)   1 (0.5%)

Acinetobacter baumannii, n (%)   1(0.5%)

Enterobacter aerogenes, n (%)   3 (1.5%)

Polymicrobial*, n (%)   13 (6.5%)

Negative, n (%) 106 (53.5%) 17 (8.5%)

ESBL = Extended spectrum β-lactamases

*Escherichia coli + Escherichia coli (ESBL), Escherichia coli (ESBL) + Pseudomonas aeruginosa,

Escherichia coli (ESBL) + Enterococcus faecalis, Escherichia coli (ESBL) + Klebsiella pneumoniae,

Escherichia coli + Klebsiella pneumoniae, Escherichia coli + Morganella morganii,

Escherichia coli + Staphylococcus aureus, Escherichia coli + Pseudomonas aeruginosa,

Proteus vulgaris + Serratia marcescens, Enterococcus faecalis + Pseudomonas aeruginosa,

Klebsiella oxytoca + Morganella morganii
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Discussion
To our knowledge, this work is the �rst report using CHAID decision tree analysis to perform a direct
comparison between patients positive and negative for bacteremia among those with pyelonephritis.
Patients with White blood cell > 21,000/µL constituted a quite-high-risk group. Patients with White blood
cell ≤ 21,000/µL plus Chill plus Aspartate aminotransferase > 19 IU/L constituted a high-risk group. In
contrast, patients with White blood cell ≤ 21,000/µL plus non-Chill plus Albumin > 3.60 g/dL were at low-
risk. The AUC for the ROC curve demonstrated acceptable accuracy.

White blood cell counts (WBC), C-reactive protein (CRP) levels and procalcitonin are frequently used as
markers of a systemic in�ammatory reaction, but CRP and procalcitonin were not incorporated into the
model for bacteremia among patients with pyelonephritis in our CHAID decision tree analysis. Several
studies have shown the usefulness of CRP for estimating the risk of bacteremia in patients with
neutropenia during cancer [20] or in Intensive Care Unit (ICU) patients [21]; in contrast, another study
concluded that CRP was not a sensitive or speci�c marker for bacteremia in patients with signs of sepsis
[22]. Indeed, CRP was not detected as a bacteremia factor in our preliminary research [7]. Similarly, as for
procalcitonin, a severity judgment of sepsis and the utility in the prognostic value were demonstrated [23];
in contrast, another meta-analysis study concluded that procalcitonin was also not a sensitive or speci�c
marker for bacteremia in patients with signs of sepsis [24] Our study results suggested that the increased
WBC count is a timely and reliable response to bacteremia. It is important to consider obtaining blood
cultures when patients have a high WBC count, even when the CRP level and procalcitonin are not
elevated. Furthermore, hospitalization should be strongly considered with a WBC > 21,000/µL because
these patients represented a quite-high-risk group in the present study.

Several studies have shown that the presence of chill is a powerful single predictor of bacteremia [25–
29]. In Japanese emergency rooms, it has been reported that the severity of chill correlates with the risk of
bacteremia [30, 31]. Separately, increases in AST levels are postulated to re�ect rhabdomyolysis
associated with the fever and early impairment of circulation. Even if WBC remains below 21000/µL,
hospitalization is recommended when patients have Chill and AST > 19 IU/L, given that these patients
constituted a high-risk group in the present study.

Another study formulated a predictive model for the mortality of patients with Staphylococcus aureus
bacteremia, in which a low serum albumin level was one of the predictors [32]. Similarly, the present study
identi�ed serum albumin levels over 3.60 g/dL as a predictor for the low-risk group. Together, these
results suggest that nutritional status may contribute to bacteremia and associated outcomes.
Furthermore, patients with pyelonephritis who exhibit WBC ≤ 21,000/µL plus non-Chill plus Albumin > 
3.60 g/dL constituted a low-risk group in the present study, so it is possible that low-risk-group
pyelonephritis patients can be treated on an outpatient basis. However, the CHAID analysis still provides
only an index; it remains important that we ascertain the state of each patient carefully and decide on
treatments in an informed manner. If a patient’s overall clinical status is poor, hospitalization should be
considered.
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The quick Sequential Organ Failure Assessment (qSOFA) now is used widely. In out-of-hospital,
emergency department, or general hospital ward settings, adult patients with suspected infections can be
identi�ed rapidly as being more likely to have poor outcomes typical of sepsis if the patients have at least
2 of the following clinical criteria: respiratory rate of 22/min or greater, altered mentation, or systolic
blood pressure of 100 mmHg or less [9]. In the present study, patients with pyelonephritis who presented
with qSOFA scores of 2 had a signi�cantly higher percentage of bacteremia (p = 0.04) (Table 2). However,
based on the AUC values of the ROC curves shown in Figs. 2 and 3, the model based on the CHAID
decision tree analysis (as generated in the present study) exhibited greater power than qSOFA. Thus,
CHAID decision analysis was superior to qSOFA in identifying bacteremia-predictive factors among
patients with pyelonephritis. In fact, other studies providing comparisons with qSOFA already have been
reported [33, 34], and further such studies are expected in the future.

Based on the literature, E. coli is the most frequent cause of pyelonephritis [35]. In this study, E. coli also
was the most-frequent causative microorganism. Possible virulence factors of this species include the
ability to adhere and colonize the urinary tract, an important initiating factor in all UTIs [35]. Furthermore,
in the present study, 13.5% of E. coli isolates (10 of 74 E. coli cases total) were Extended-Spectrum Beta-
Lactamase (ESBL) producers. A previous study also showed that ESBL-producing E. coli are increasingly
recognized among community-acquired infections [36]. Given that the fraction of ESBL-producing E. coli
may increase further in the future, there is an increasing need to exercise care in the choice of medical
treatment for pyelonephritis.

There were some limitations to this study. The patient population enrolled in this study was limited to a
single hospital. In addition, this research consisted of a retrospective study. As a next step, a multi-center
prospective study should be conducted with a larger number of patients.

Conclusions
Our results emphasize the importance of hospitalization among patients with pyelonephritis who are
classi�ed in the quite-high-risk group (WBC > 21,000/µL) or the high-risk group (WBC ≤ 21,000/µL plus
Chill plus AST > 19 IU/L). Furthermore, it is possible that patients with pyelonephritis who are classi�ed in
the low-risk group (WBC ≤ 21,000/µL plus non-Chill plus Albumin > 3.60 g/dL) can treated in outpatient
clinics.
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Figures

Figure 1

The algorism for the prediction of bacteremia driven from CHAID. Categories were de�ned based on
bacteremia incidence values as follows: low-risk group, ≤30%; moderate-risk group, 40–60%; high-risk
group, ≥60%.
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Figure 2

Receiver operating characteristics curve of CHAID-formulated decision tree for the positive risk factors for
bacteremia among patients with pyelonephritis.
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Figure 3

Receiver operating characteristics curve of the quick Sequential Organ Failure Assessment (qSOFA) for
the positive risk factors for bacteremia among patients with pyelonephritis.


