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Acute pyelonephritis (APN) should be detected and treated as soon as possible to reduce the risk of 
the development of acquired renal scarring. However, in the medical field, urine culture results are not 
available or considered when the prompt discrimination of APN is necessary and empirical treatment is 
started. Furthermore, urine culture cannot discriminate APN among children with febrile urinary tract 
infection (UTI) (pyelitis, lower UTI with other fever focus). Therefore, the usefulness of urine culture for 
diagnostic purposes is small and the sampling procedure is invasive. Congenital hypoplastic kidney 
is the most common cause of chronic kidney injury in children. Thus, it is desirable that a main target 
be detected as early as possible when imaging studies are performed in children with APN. However, 
if APN does not recur, no medical or surgical treatment or imaging studies would be needed because 
the acquired renal scar would not progress further. Therefore, the long-term prognosis of APN in young 
children, particularly infants, depends on the number of recurrent APN, not other febrile UTI. New 
methods that enable prompt, practical, and comfortable APN diagnosis in children are needed as alter
natives to urinary catheterization for urine culture sampling. 
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Introduction

The diagnosis of acute pyelonephritis (APN) depends on urine culture results for confirma­
tion.1) However, urine culture alone is unacceptable as the major determining factor of the 
diagnosis of APN in children for the following reasons. First, the urine culture results are not 
available or considered when the prompt discrimination of APN is required in the medical field. 
Second, about 10%–35% of APN cases confirmed with acute dimercaptosuccinic acid (DMSA) 
scans have revealed negative urine culture results.2,3) Third, urinalysis alone has the highest 
sensitivity (about 100%) and negative predictive value (94.7%) among the methods used for the 
diagnosis of urinary tract infection (UTI), although it also has a high false positive rate and low 
positive predictive value.4) Fourth, about 1%–3% of the healthy population has asymptomatic 
bacteriuria that persists for several months.5) Fifth, the empirical treatment of APN should be 
initiated as soon as possible after its clinical diagnosis to reduce the risk of renal scarring before 
the urine culture results are revealed. Sixth, procedures like urethral catheterization used to 
collect appropriate urine culture samples are very invasive for many children who respond well 
to empirical UTI treatment. And finally, the urine culture results cannot discriminate APN that 
leads to renal scarring from febrile UTI (fUTI).3)
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results cannot be used to discriminate APN among children with 
fUTI.

Blood C-reactive protein, erythrocyte sedimentation 
rate, and WBC are very important factors for 
discriminating APN among children with fUTI

Blood C-reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), and WBC have higher sensitivity and specificity for discri­
minating APN among children with fUTI than urine culture.3) Blood 
sampling is less invasive and reveals its results more promptly than 
the urethral catheterization for urine culture. Therefore, the former 
would be a better choice for discriminating APN. CRP is positively 
correlated with the area of cortical defects on their DMSA results.9) 
Procalcitonin is more sensitive for detecting APN and renal scarring 
than CRP but is expensive; in practice, the combination of CRP, 
ESR, and WBC is not worse than procalcitonin.10) Plasma neutrophil 
gelatinase-associated lipocalin is not practical as a marker of APN in 
children.

The use of urine culture and antibiotic sensitivity tests is necessary 
to identify causative organisms. However, it is well known that most 
of the causative organisms (95%) of UTI are gram-negative bacteria. 
The empirical antibiotic treatment of UTI is typically successful in 
children with APN, particularly those less than 24 months of age 
at the first episode of UTI, even though extended-spectrum β-lac­
tamase-positive bacteria have been revealed. If fever in a child 
suspected of APN does not subside within 48 hours after the start 
of antibiotic treatment, antibiotics would be added or exchanged 
before the urine culture results were revealed. Even though the urine 
culture sample would be contaminated, antibiotic-resistant orga­
nisms would be revealed in urine culture plates.

Proteinuria and urine culture results have similar 
sensitivities for predicting UTI

Proteinuria is detected in about 70%–90% of children with 
UTI.11,12) However, its pathogenesis remains unknown. The authors 
assumed that the activation of Toll-like receptor in the uroepithelium 
would cause proteinuria in UTI like in immunoglobulin A nephro­
pathy or diabetic nephropathy.13,14) Proteinuria in children with 
UTI is significantly correlated with positive urine culture results.3) 

Children with aseptic pyuria and asymptomatic bacteriuria do not 
have proteinuria.

Pyelitis does not lead to renal scarring 

There are three types of fUTI: pyelitis, APN, and lower UTI with 

APN should be detected early to reduce the risk of developing ac­
quired renal scarring.6) Acquired renal scarring generally develops 
in 10%–30% of children with first episode of APN, and its incidence 
increases exponentially as the number of APN recurrences in­
creases.6) The renal outcome of children with acquired renal scarring 
is not clearly known.7) However, if more than half of the normal 
glomeruli in the renal parenchyma are damaged and cause acquired 
renal scarring due to recurrent APN, chronic kidney disease (CKD) 
will develop. Therefore, APN that recurs many times leads to renal 
scarring and CKD. In young children, particularly those under 24 
months of age who have a high incidence rate of APN due to an im­
munocompromised state as well as a lack of a defense mechanism, 
are too young to develop CKD caused by recurrent APN. Therefore, it 
is reasonable that the main targets of UTI imaging studies in young 
children are the presence of congenital scarring (or hypoplastic 
kidney) and the recurrence of APN, not the presence of vesicoureteral 
reflux (VUR).

It is well known that congenital hypoplastic kidney is the most 
common cause of CKD in children.8) Therefore, the early detection of 
congenital hypoplastic kidney or congenital renal scarring is con­
sidered the most important factor in the management or monitoring 
of young children with APN.

Urinalysis is the most important tool in the diagnosis 
of APN

Abnormal urinalysis and high fever (≥38°C) are the most im­
portant factors in the diagnosis of APN. Children with APN showing 
normal urinalysis findings are rare, particularly young children less 
than 24 months of age because they have no bladder symptoms that 
can lead to false negative urinalysis results. 

A urinalysis is conducted using a urine dipstick test and a urine 
microscopic exam. In the urine microscopic exam, pyuria (white 
blood cells [WBCs] ≥ 5 per high-power field) is necessary for the 
initial diagnosis of APN. Leukocyte esterase (LE) on a urine dipstick 
test is typically positive in children with pyuria. Only the LE-positive 
finding on urinalysis is often false positive, meaning it is not due to 
UTI. The authors named it the “full house” sign of UTI on urinalysis 
that reveals positive findings on all of the following: occult blood, 
protein, nitrite, and LE on a dipstick test as well as WBC and red 
blood cells on a microscopic exam. Alongside pyuria and LE positi­
vity, more than one of those full house signs strongly suggests UTI.

In uncircumcised males less than 24 months of age, only pyuria 
and LE positivity strongly suggest UTI; in females of the same age or 
circumcised males, those 2 positive findings are suggestive of aseptic 
pyuria like vaginitis, balanitis, or a viral infection. This is because 
both uncircumcised males and those less than 24 months of age 
have high risk factors of UTI.

However, positive urinalysis findings and positive urine culture 
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another fever focus. Pyelitis is defined as an ascending infection 
in the renal pelvis without involvement of the renal parenchyma. 
There is no major difference in the clinical and laboratory findings 
of pyelitis and APN. The former shows a normal DMSA scan result 
along with lower CRP, ESR, and WBC than the latter.12) Therefore, 
pyelitis will not progress to acquired renal scarring if it is detected as 
early as possible and its treatment is initiated with oral antibiotics. 
In the same texture, children with recurrent pyelitis do not urgently 
need to undergo an evaluation of urinary tract anomalies because of 
the absence of acquired renal scarring. Urine culture results are not 
helpful for discriminating APN among these three types of fUTI.

DMSA scan or renal computed tomography can 
confirm APN or renal scarring

The acute DMSA scan is most commonly performed to confirm 
APN among the 3 types of fUTI. However, its use is not appropriate 
whenever APN is suspected due to radiation exposure and sedative 
use. Renal computed tomography is more sensitive for detecting 
cortical defects than a DMSA renal scan, but its radiation exposure 
is about 10 times higher.

The positive findings observed in acute DMSA scan lead us to 
perform a follow-up DMSA scan to check for the development of 
acquired renal scarring. Thus, the exposed radiation dose would 
be doubled. Considering the long-term prognosis of APN, the pre­
sence of acquired renal scarring is a more important factor than 
discriminating APN at the diagnosis of an acute infection, and the 
presence of congenital hypoplastic kidney is a more important fac­
tor than the presence of acquired renal scarring or discriminating 
APN. Thus, it is necessary to perform a DMSA scan in children with 
recurrent fUTI.

VUR operation is not immediately necessary in 
children without renal scarring

Only 20%–25% of high-grade VUR cases spontaneously disappear 
within 10 years after detection. Among the congenital anomalies of 
the kidney and urinary tract, high-grade VUR is the most common 
cause of recurrent APN. Therefore, high-grade VUR threatening 
diminished renal function should be treated as soon as possible. 
Otherwise, high-grade VUR is benign except in some children 
suffering from recurrent fUTI or bladder symptoms. Therefore, if APN 
does not recur, the early detection of VUR is unnecessary. However, 
high-grade VUR associated with congenital hypoplastic kidney or 
congenital renal scarring should be detected as early as possible.

In our previous study, only 16 of 618 children (2.6%) admitted 
with a diagnosis of the first episode of APN between 2000 and 2009 
underwent a VUR operation after UTI imaging studies.15)

UTI imaging study guideline

The UTI imaging guidelines of the American Academy of Pedi­
atrics (AAP) used worldwide are summarized as follows: First, if a 
febrile ill-looking infant without apparent fever focus visits a clinic, 
clinicians should perform urethral catheterization to obtain urine 
samples for culture and urinalysis. (Urethral catheterization is an 
important procedure for diagnosing UTI.) Second, febrile infants 
with UTI should undergo renal and bladder ultrasonography (RBUS). 
Third, voiding cystourethrography (VCUG) should not be performed 
routinely after the first febrile UTI. VCUG is indicated if the RBUS 
reveals hydronephrosis, scarring, or other findings that would sug­
gest high-grade VUR or obstructive uropathy as well as in other 
atypical or complex clinical circumstances. Further evaluations 
should be conducted if fUTI recurs.16)

The AAP also stated the following limitations in its report. First, 
the development of techniques that would permit an alternative to 
invasive sampling and culture would be valuable for general use. 
Second, incubation time, which is inherent in the culture process, 
results in delayed or presumptive treatment. Third, the role of VUR 
is incompletely understood. It is not supported that antimicrobial 
prophylaxis is beneficial for VUR patients to prevent UTI recurrence. 
Fourth, this guideline is limited to the initial management of the first 
UTI in febrile infants 2–24 months of age. No strategy for children 
with recurrent UTI is currently used. Furthermore, AAP guidelines 
did not contain a strategy for children with congenital or acquired 
renal scarring that to lead to CKD.

It is important that we focus on APN, as opposed to other fUTI, 
along with the detection of congenital or acquired renal scarring. 
The presence of high-grade VUR requires consideration because 
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Fig. 1. Diagram of acute pyelonephritis (APN) discrimination at the first 
visit. U/A, urinalysis; UTI, urinary tract infection; CAKUT, congenital 
anomalies of kidney and urinary tract; CRP, C-reactive protein; WBC, 
white blood cell; ESR, erythrocyte sedimentation rate; OB, occult blood; 
LE, leukocyte esterase; RBC, red blood cell. 
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urgent surgical treatment is not indicated in cases with normal 
DMSA results regardless of the previous number of recurrent 
UTI.13) It is important that a DMSA scan be performed regardless of 
the urine culture result in children with a second episode of APN, 
pyelitis, recurrent atypical UTI (more than three times per year), or 
small kidney on ultrasonograph. Thus, children with normal DMSA 
scan results do not urgently require VCUG.

In our study, 60%–70% of children with a second episode of APN 
showed a normal DMSA scan result performed 3 months after its 
episode when they had the first episode of APN history at less than 
24 months of age.

Older children at the first APN episode diagnosis

Older children with APN generally suffer from more severe 
symptoms (prolonged fever, abdominal pain, or flank pain) than 
young children. If they have risk factors like hydronephrosis on renal 
ultrasound or severe disease progression, a DMSA scan is recom­
mended 6 months later to evaluate the presence of renal scarring.

New challenging method to discriminate APN among 
children with fUTI 

The results of our method for discriminating APN using CRP, ESR, 
and WBC as opposed to urine culture result are outlined in Figs. 1 
and 2. A hypothetical diagram of the pathogenesis of APN is shown 
in Fig. 3.8)

The intrarenal local renin-angiotensin-aldosterone system 
may be activated in children with APN. The antinatriuretic effect 
of increased intrarenal angiotensin II causes increased tubular 
reabsorption of sodium and increased tubular secretion of potas­

sium. Thus, the urine sodium level and urine sodium to potassium 

ratio decrease.
A new challenging method to discriminate APN among children 

with fUTI is shown in Fig. 4.

Conclusion

The usefulness of urine culture results is very limited for patients 
with complicated UTI or antibiotic unresponsiveness. Furthermore, 
the usefulness of the diagnostic purpose is low since urine culture 
results are revealed a few days after the measurements are initiated 
and do not suggest the location of the UTI. Other types of informa­

tion, such as age, sex, past medical history, urinalysis, blood CRP 
level, ESR, and WBC are as important as urine culture and consi­
dered important in the diagnosis of APN in children.

The long-term prognosis of APN in young children, especially 
infants, depends on the number of recurrent APN, not recurrent 
fUTI. If APN does not recur even once, no medical or surgical treat­
ment or imaging studies are needed, even if a patient has congenital 
hypoplastic kidney or high-grade VUR, because the further pro­
gression of acquired renal scarring will not occur. There are 2 im­
portant factors that pediatricians should not overlook: whether 
APN is recurrent (90% of children with the second episode of APN 
recurred within 1 year after the first episode of APN), and a DMSA 
scan should be performed in children with recurrent APN to prevent 
missing an observation of congenital hypoplastic kidney.

New methods that can diagnose APN in children promptly, 
practically, and comfortably should be identified in the future as 
alternatives to urinary catheterization for urine culture sampling.
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Fig. 2. Diagram of acute pyelonephritis (APN) discrimination in children 
with only pyuria on urinalysis. U/A, urinalysis; LE, leukocyte esterase; 
WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedi
mentation rate; U/C, urine culture. 
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Fig. 3. Hypothetical diagram of the pathogenesis of acute pyelonephritis. 
LPS, lipopolysaccharide; TLR 4, toll-like receptor 4; RAAS, renin-angio
tensin-aldosterone system; AT1R, angiotensin II receptor type 1; SNS, 
sympathetic nervous system.
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Fig. 4. Diagram of discriminating APN from fUTI using new method. Positive results of CRP, WBC, 
and ESR indicate upper urinary tract infection including acute pyelitis or pyelonephritis (APN). The 
higher those values are, the more probable APN is. A urine protein to creatinine ratio greater than 0.5 
indicates the possibility of the presence of significant bacteriuria. Decreased urine sodium level (<40 
mEq/L) indicates the possibility of APN. A decreased urine sodium to potassium ratio (<1.15) indicates 
the possibility of APN but has a lower correlation with APN than the other factors. U/A, urinalysis; 
LE, leukocyte esterase; WBC, white blood cell count; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; PU, urine protein to creatine ratio; uNa, urine sodium (mg/dL); uNa/K, urine 
sodium to potassium ratio; AP, acute pyelitis; f/u, follow-up.
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